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PREFACE 

Since the publication of the last edition of Politzer’s Textbook 
of the Diseases of the Ear, otological literature has been greatly 
augmented by the addition of a large number of articles on the 
treatment and pathology of aural affections, and in particular 
on those conditions referable to the labyrinth or internal ear. 

Having had the privilege of translating and editing the two 
previous editions, the time seemed opportune to the writer to 
bring out a new and revised edition of this standard work. 

Every chapter has been carefully reviewed, such material 
eliminated which did not seem of sufficient importance, and new 
matter added which was regarded of greater interest and of more 
intrinsic value. 

In doing so, however, the writer has endeavoured to retain a? 
much as possible of the original text, and not to discard anything 
which would in any way jeopardize the value of this work. Bj’- 
omitting many of the less important items, it has been possible to 
reduce the size of this volume, thereby making it a more practical 
and handy reference book for the student and practitioner. 

In bringing out this latest edition, it has been the writer’s 
intention to present to his colleagues a clear and concise inter- 
pretation of the teachings of this illustrious scholar and clinician, 
Dr. Adam Politzer, which have extended over a long period of 
years, and which have been so fully embodied in his textbook 
on diseases of the ear. 

MILTON J. BALLIN. 

New York, 

April, 1926. 
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THE ANATOMICAL DIVISION. OF 
THE EAR. 


The sense-impressions, which we designate as sound-perceptions, 
are brought about by the specific excitation of the peripheral 
endings of the auditory nerve. Its delicate terminations lie upon 
membranous supports which are surrounded by an aqueous fluid, 
and which act as the transmitting medium for the waves of sound. 
These' supports rest in a cavity which is partly formed by rigid 
walls. 

Besides this essential sound-perceiving apparatus, the higher 
animals possess a sound- conducting apparatus which is endowed 
with the property of receiving the various waves of sound and 
conducting them to the labyrinth. 

Accordingly, the organ of hearing is divided into two principal 
divisions — the sound-conducting and the sound- perceiving ap- 
paratus. We will adhere to this classification, as it is the only 
correct one from a physiological standpoint, and the more so 
because it can be combined with the older, practical, anatomical 
division of external, middle, and internal ear. 

Each main division mentioned above is composed of many 
organs morphologically different. The organ of hearing is 
divided into — 

1. The sound -conducting apparatus : 

(a) The external ear (auricle and external auditory canal). 

(b) The middle ear (the tympanic cavity, with the mem- 

brana tympani and ossicles, the Eustachian tube, 
and mastoid process). 

2. The sound-perceiving apparatus, or internal ear: 

(a) The labyrinth (vestibule, three semicircular canals. 

and the cochlea). 

(b) The auditory nerve (central nuclei and roots, branches 

and peripheral endings in the labyrinth). 
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THE ANATOMY AND PHYSIOLOGY OF 
THE SOUND-CONDUCTING 
APPARATUS. 


I. THE EXTERNAL EAR. 

A. The Auricle (auricula). 

The auricle is pyriform in shape. Its normal position is be- 
tween two horizontal lines, the superior of which, if prolonged, 
would come into contact with the eyebrows, the inferior with the 
tip of the nose. It surrounds the external orifice of the ear, and 
is attached to the side of the head at an acute angle nearly 
midway between the forehead and the occiput. This angle is 
subject to manifold variations. 

The concave surface of the auricle, directed forwards and outwards, 
presents a number of irregular elevations and depressions (Fig. 1). Tlio 
external margin of the cartilaginous plate, the breadth of whicli varies, is 
rolled inwards, and forms the so-called helix (Fig. 1, u). It originates at the 
crus lidicis, above the external orifice of the ear, in the deepest concavity of 
the auricle {concha) ; it extends from here upwards and backrvards along the 
margin of the auricle, and ends above the posterior margin of the lobule in 
the caxtda helicis. A second elevation, the antihelix {b), runs in a direction 
parallel to the posterior part of the helix, and is separated from it by a depres- 
sion, the scaphoid fossa ; it begins above the crus helicis in two diverging 
roots directed anteriorly, and, running with a slight curve downwards, passes 
into a prominence dhected forwards, the antitragus (d). Opposite to this, 
the inferior half of the cartilage forms a second, flap-like projection, the 
tragus (c); this is situated in front of the external auditory orifice, sliglitly 
overlapping it, and separated from the antitragus by a notch, the incisura 
infertragka. Below this notch, and forming the inferior extremity of the 
auricle, is the lobule (lobnhis auriculx, e), which shows numerous individual 
variations, and is formed by the integument alone. The subcutaneous con- 
nective tissue is highly developed in this part, its meshes containing fat-cells, 
and only a small number of bloodvessels and nerves. 

The integument of the auricle is more adherent to the perichondrium on 
the anterior than on the convex posterior surface; this is due to an increased 
developrnent of the subcutaneous connective tissue, the skin thereby becoming 
more easily movable. The sebaceous glands in the concha excel all others in 
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abundance and size. The cartilage of the auricle is about 2 mm. in thickness 
and is of the reticular variety. Its structure in man has been investigated 
by His, Rohrer, and Miinch {Morpholog. Arbeiten, 1897). 

The muscles of the auricle are divided into two groups. The first group 
controls the movements of the whole auricle, and are the following: 

1. The TMisculus miricularis superior, a tliin, fan-shaped, radiating muscle, 
arises from the epicranial aponeurosis, and, with its fibres converging in a 
downward direction, is inserted into the 
convex surface of the auricle; it draws 
the auricle upwards. 

2. The musculus auricularis anterior 
arises in front of the auricle above the 
zygomatic process, and also from the 
epicranial aponeurosis, and is inserted at 
the crista helicis; it draws the auricle 
slightly forwards and upwards. 

3. The musculus auricularis posterior, 
which consists of several fasciculi, arises 
behind the auricle from the mastoid 9 
process, and is inserted into the convex ^ 
surface of the concha; its actidn is to 
draw the auricle slightly backwards. 

The muscles of the second group have 
their origin and insertion on the auricle 
itself. They effect a change in the form ■ 

of the auricle, but only to a slight degree. . y 

The tragicus, antitragicus, helicis major .-y 

and minor lie on the concave surface, 

the transversus and obliquus anriculce Tig. 1. — AtmiCLE. 

on the convex surface. a. Helix; h, Antihelix; c, Tragus; 

Imhofer (Arch. f. Krimin. Anthropol., d!. Antitragus; c, Lobule; 

vol. xxvi.) is of opinion that certain /, Concha; g. Orifice of the cxtcr- 

peculiarities of formation of the auricle nal meatus, 
are often hereditary, and considers them as 

an important aid in the establishment of descendants — for example, in cases 
in which the parentage of a child is in doubt. The criminal school of Italy, 
of which Lombroso was at the head, considered anomalies in the formation 
of the auricle as degenerative changes. Gradenigo (A.f. 0., vol. xxii.) found 
these anomalies most frequently among the insane and criminals. Bertillon, 
Blau, and others incline towards this latter theory (cp. G. Schwalbe, ‘ Das 
ilnssere Olir,’’ in Bardeleben’s Handbuch der Anatomic des Menschen, Jena, 
Tischer, 1898). 

B. The External Auditory Canal (meatus 
auditorius externus). 

The external auditory canal is divided into the cartilagino- 
membranous and bony parts. 

(a) The Cartilagino-membranous Meatus. 

The cartilagino-memhranous meatus is a tubular continuation 
of the auricle directed inwards (medially). This tube consists of 
a cartilaginous channel, which is formed above and somewhat 
posteriorly into a canal by its union with the lining membrane 
of the external auditory meatus. 
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The circumference of the cartilaginous channel (Fig. 2) 
appears greatest at its outer, lateral _ extremity, while medially 
the width of the cartilage decreases in such a manner that the 

inner extremity (&) appears as a 



Fig. 2.— Auricle and Cartilaginous 
aiEATUS. 


narrow, rounded point. , 

The proportion of the cartilaginous 
to the membranous portion is clearly 
shown by sections (Figs. 3, 4, 5) made 
perpendicularly to the axis of the 
cartilagino-membranous meatus, at its 
outer, middle, and inner portions. 
These show that the membranous 
portion {b. Figs. 3, 4, 5) increases in 
breadth towards the interior, while the 
cartilaginous portion correspondingly 
decreases. The length of the in- 
ferior cartilaginous wall varies^ from 
10-11 mm. from the entrance of the 
meatus to the point of the cartilage. 

The cartilaginous channel of 
the external auditory canal, 


a, Cartilaginous meatus; b, Interior which varies in thicklieSS in 
pointed extremity of the cartilaginous different places from 1~3 mm., 
(LeRr.)’ Santorini, -g traversed by _ several fissures 

(Fig. 2, c, c), incisurce cariilaginis 
meatus auditori externi (incisurae Santorini); these run in a 
direction nearly at right angles to the long axis of the meatus, xis 
a rule, two large fissures, filled with fibrous tissue, are found, 


through which the anastomosis of the vessels between the 



Fig. 3. — Section op Fig. 4. — Section Fig. 5. — Section in the 

THE Cartilaginous through the Neighbourhood op the 

Meaths close be- Middle op the Inner Extremity op the 

HIND THE Orifice Cartilaginous Cartilaginous IVIeatus. 

OF THE External Meatus. 

Meatus. o. Cartilage; h. Fibrous layer, 

a, a, a. Cartilaginous 
a, (i, a. Cartilaginous channel; h, Fi- 
channel; h, Fibrous brous layer, 
laj’er. 


anterior and posterior surfaces of the ear (Pareidt) takes place. 
They permit the straightening of the meatus during examination 
of the membrana tympani and during operative procedures, and 
allow a certain amount of flexibility of the cartilage (Ostmann). 
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Abscesses of the parotid gland not infrequently break through 
these fissures into the external auditory canal. 

The medial end of the cartilaginous meatus is attached by an 
intervening, flexible connective-tissue substance to the rim of 
the osseous meatus, "which is covered by tough, elastic fibrous 
tissue. This attachment takes place only at the rough edge of 
the osseous meatus, "^vhich corresi)onds to the pars tympanica 
(Fig. 8); superiorly and posteriorly the fibrous part of the 
cartilaginous meatus passes directly into the lining membrane 
of the superior wall of the osseous meatus. 


(b) The Osseous Meatus. 

1. Development. — The anatomical relations of the osseous meatus are 
essentially different in the new-born and in the adult. In the infant, instead 
of the osseous meatus, one finds an osseous ring {annuhis {ympanicits), 
to the exterior margin of which a membranous canal is attached, forming 
one half of the entire auditory canal. As the infant advances in age, the 
cartilaginous meatus becomes smaller, while tlie pars tympanica ossis tem- 
poralis enlarges. 

According to Arnold, the temporal bone consists of three parts, which 
develop independently. These are the squamous, tympanic, arid petrous 
portions. 

The osseous meatus is developed principally from two differeni bony 
parts, namely, the squamous and tympanic portions of the temporal 
bone.* 

The tympanic portion of the temporal bone in the new-born consists of a 
ring {anmdus tyynpanicus) (Fig. 6), which is incomplete" superiorly and 
anteriorly, and is provided with a groove for the reception of the tympanic 
membrane; tliis ring is attached by its free extremities to the inferior part of 
the external surface of the squamous portion. The space between the two 
places of attachment of the tympanic to the squamous portion we shall see 
later is the anterior, superior, grooveless segment of the tympanic ring 
{incisura tympanica, Rivini). 

As the cranial bones develop in the first years of life, the following changes 
take place in the squamous and tympanic portions. The superior part of the 
squamous portion (Fig. 7, a) advances externally on the lateral part of the 
cranium, while its lower portion (6), which lies beneath the zygomatic pro- 
cess, takes a more horizontal position; the ultimate result of this is that in 
the fully developed temporal bone, the superior part of the squamous portion 
(Fig. 9, a) is bent almost at a right angle to its inferior, horizontal part (b). 
This horizontal portion forms the superior wall of the osseous meatus, 
and also a portion of the posterior wall in conjunction with the mastoid 
process. 

These changes in the squamous portion are brought about by the growth 
of the tympanic portion which forms the essential part in the construction of 
the osseous meatus. Through the deposit of bony masses on the external 
surface of the tympanic ring, which at first begins at two projecting points, 
a groove is formed (Fig. 8, b), the lateral walls ‘of which reach so far towards 
the Rivinian segment that they more or less take part in the formation of 
the superior wall of the external auditorj’^ canal (Zuckerkandl). 


* Cp. Politzer, Geschiclite der OlirenJieilkunde, vol. i.; Du Vemey, 
p. 196. 
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In the fully developed temporal bone, the groove-lilie tympanic portion 
(Fig. 8) appems as if pushed from below into the shallow sulcus (a), formed 
by the homontal part of the squamous bone and the mastoid process. The 



Fig. 6. — Outer Surface of 
THE TyBIRANIO RiNG. 

a, Anterior tympanic tubercle ; 
p, Posterior tympanic tu- 
bercle. 



st 


Fig. 6a.— Inner Surface 
OF THE TyIUPANIC RiNG. 

si, Tymiianie sulcus; p, Pos- 
terior tympanic tubercle; 
s. Spina ^ — ■ ' 

with the 

below it. (Left ear.) 


a 



Fig. 7. — ^Tejiporal Bone in the New-born 
Infant. 

a, Superior part of the squamous bone; b. Its 
inferior part below the line of the zygomatic 
process; c, Annulus tympanicus; d, d, The 
fissure between squamous portion and mastoid 
process, reaching to the foramen stjdo-niastoj- 
deum; c. Foramen stylo-mastoideum; /, Fe- 
nestra ovalis; g, Fenestra rotunda. (Left car.) 
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entire inferior and anterior walls of the meatus are therefore formed by the 
tympanic portion, while the tympanic, mastoid and squamous portions partici- 
pate in the construction of 
the posterior wall, the latter 
in a great measure through 
its lamina mastoidea, which 
forms the anterior surface of 
the mastoid process. 

■ The encroachment of the 
tympanic portion on the 
squamous and mastoid parts 
soon causes the boundary-line 
between them to be entirely 
effaced. The margins of the 
tympanic portion soon lift 
themselves prominently from 
the pars mastoidea, and one 
finds, in the fissures thus 
formed, connective - tissue 
prolongations rich in blood- 
Yessels. These prolongations 
penetrate deeply into the mastoid, and facilitate the discharge of an}’’ sup* 
purative process existing there into the e.xternal auditory canal.* 



Fig. 8. — Osseous Meatus in the Adult. 

a, Horizontal part of the squamous bone (superior 
wall of the meatus); 6, Tjunpanic portion; 
c, Lumen of the meatus; d, Mastoid process. 
(Left ear.) 


2. The Construction of the Osseous Meatus.— The osseous 
portion of the external auditory canal is connected with the 

* Cp. A. Politzer, Die anatotniscJiB und histologisclic ZevgUederiing d£S 
menschhclien Gehororgans im, gesunden nnd kranken Znstande. Stuttgart, 

1 kQCi Tk Oa ® 
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cartilaginous portion at its external margin, while at its internal 
widened extremity the tympanic membrane is stretched in the 
shallow groove of the' sulcus tympanicus. We differentiate a 
superior', inferior, anterior, and posterior wall. 

Superior Wall. — ^This strongly developed wall (Fig. 9, b) appears bent 
almost at a right angle to the squamous portion (a) of the temporal bone, and 
is formed by two osseous plates, between which one finds partly diploS and 
partly pneumatic cells. The superior plate is turned towards the cranial 
cavity, the inferior towards the lumen of the meatus. 

The upper, shorter lamella meets the tegmen tyrapani at the petro- 
squamous suture which crosses over the external auditory canal, and also 
joins posteriorly with the roof of the mastoid antrum; the inferior lamella 
extends to the tympanic cavity, Avhere it ends in a concave, sharp, grooveless 
edge, directed inwards and downwards {margo tympaniCKS of the temporal 
bone), into which the upper periphery of the parsflaccida is inserted. 



Osseous Meatus and Tympanic 
Cavity. 

a. Squamous portion; h, Superior wall 
of the osseous meatus; b'. Dura 
mater; c, Inferior wall of the osseous 
meatus ; d. Meatus ; c, Mcmbrana tym- 
pani with the malleus; /, Tympanic 
cavity. (Left ear.) 



Fig. 10. — Horizontal Section op 
THE External Meatus and Tym- 
panic Cavity. 

a. Anterior wall of the meatus; h. Pos- 
terior wall; c, Cells of the mastoid 
process; d. Meatus; e, Membrana 
tympani;/. Tympanic cavity; g, Sinus 
trans versus. (Right ear.) 


This wall lies in the region of the middle fossa of the skull, so that carious 
destruction of tliis wall may encroach upon the dura mater and bring about 
a fatal meningitis. 

Inferior Wal I . — ^The inferior wall (Fig. 9, c) of the osseous meatus appears 
thick and compact on section. The surface directed towards the meatus is 
convex in its long axis, the greatest convexity being usually found at the border 
of its inner third. This convexity passes into a considerable concavity near 
the membrana tympani (Pig. 9) {sinus nieatus exlerni, H. Meyer), and forms, 
in conjunction with the membrane placed obliquely at an acute angle to the 
meatus, a space in which small foreign bodies frequently become lodged. 

A comparison of the lengths of the superior (14 mm.) and inferior walls 
(16 mm.) shows that the superior (6) extends further externally, and that tho 
inferior (c) reaches 6-8 mm. further medially. For this reason, as well as 
tlrrough the unequal lengths of the anterior and posterior walls, the mem- 
brane is placed obliquely to the axis of the auditory canal; this fact must be 
considered in the examination of the membrane, as well as in operations. 

Anterior Wall. — ^This wall (Fig. 10, a) (17-18 mm.) is comparatively 
thimier than the other walls, and is more or less strongly bulged towards the 
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lumen of the meatus, especially at the boundary of its inner third; it extends 
7-8 mm. further medially than the posterior wall. 

The defects in the anterior wall observed during the earlier years of life 
(which Avere already knoAvn to Riolan, Valsalva, and Cassebohm) arise, accord- 
ing to Zuckerkandl, from the rapid growth of the anterior and posterior 
tubercles of the tj'^mpanic ring, which form one or more spaces by a bridge- 
like union. These generally close in the third year of life, but are frequently 
met Avith in the adult temporal bone as persistent spaces closed by a mem- 
brane (Arnold v. Troltsch). 

The internal part of the cartilaginous, as well as the anterior wall of the 
osseous meatus, lie immediately behind the maxillary joint; therefore move- 
ments of the inferior maxilla cause a change in the lumen of the cartilaginous 
meatus. Violence applied to this bone may produce fracture of the anterior 
osseous Avail. 

Posterior Wall. — This wall (15-16 mm.) is mainly formed internally by 
the tympanic portion of the temporal bone, externally, however, by the pars 
mastoidea. It extends further externally than the inferior and anterior walls. 

During the groAvth of the temporal bone, the cells of the mastoid process 
adA’^ance externally in conjunction with the greater mass of cell spaces lying 
behind the posterior Avail. The mastoid cells are therefore coA’-ered anteriorly 
by the posterior Avail of the osseous meatus, and from this fact one can see 
the important relation of this Avail to the mastoid. Frequently caries of the 
latter extends to the posterior Avail, and the sequestra are discharged into the 
external auditory canal. 


(c) The Lining Membrane of the External Auditory Canal. 

The lining of the external auditory canal, a contimtation of the external 
integument, is much thicker in the cartilaginous than in the osseous portion; 

in the latter the cutis gradually 
becomes more delicate and thinner 
as it approaches the sulcus of 
the membrana tjmipani. On the 
superior Avail of the osseous meatus, 
hoAvever, a somewhat stronger band 
of cutis extends to the membrane. 
The dermic layer of the carti- 
laginous portion, 1-2 mm. in thick- 
ness, has an abundant groAAdh of 
hair, into the sacs of which saccu- 
lated sebaqeous glands discharge 
We also find ceruminous glands 
(glandula? ceruminosre) in the deeper 
layers of the cutis more or less 
compact. Thej’^ are of a yelloAAush- 
brOAvn colour, and belong to the 
tubular glands. The ducts are 
coiled just as those of the sudor 
iparous glands (Kollikor); they are 
0-2-1-5 mm. in diameter, and dis- 
charge either * directly into the 
meatus by means of a straight 
canal 0-01 mm. wide, or into the 
upper portion of the hair sacs 
(Henle). The orifices of the ducts 
can be seen Avith the naked eye 
as closely arranged dots in the 
rp, . , , external auditory canal (Fig. 11, 

The cerummous glands are lined Avith a single layer of pavement 
epithehum restmg on a membrana propria and a layer of smooth muscle fibres 



Fig. 11. — ^Posterior Wall of the Car- 
tilaginous AND Osseous Meatus. 

a, Orifices of glands in the cartilaginous por- 
tion; 6, Boundary betAveen cartilaginous 
and osseous meatus; c, Apex of the tri- 
angular glandular portion of the meatus 
which enters the osseous meatus. 


b, c). 
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According to Soemmerring and v. Troltsch, the glandular layer extends 
from the posterior superior wall of the cartilaginous portion into the osseous 
meatus in the form of a triangle several millimetres long (Fig. 11, place 
between h and c), the apex of which (c) is directed towards the memhrana 
tympani. The glandular elements are wanting in the other parts of the 
osseous meatus; the more delicate cutis, firmly united with the periosteum, 
forms compact, spirally arranged folds (Kaufmami), and contains only a 
few papill'e (Medic. Jalirbiicher, 1866), which often become hypertrophied 
in inflammatory affections, and frequently form the basis of large, compact 
polypi. 

(d) The Vessels and Nerves of the Auricle and External 

Auditory Canal. 

Arteries. — ^The arteries of the auricle and of the external auditory canal 
arise from the temporal and internal maxillary. The anterior surface of the 
auricle, as well as the external portion of the meatus, are supplied b 3 ' the 
anterior auricular hranches of the superficial temporal artery. A branch of 
the posterior auricular artery, arising from the external carotid, supplies the 
posterior surface of the auricle. The blood-supply to the deeper portions of 
the external auditory canal is provided by the deep auricular arterjs a 
branch of the internal niaxillar,y. The smaller branches of these arteries are 
distributed as follows; Some pierce the membrane 'which roofs over the 
cartilaginous meatus, some the fissures of Santorini, and others the fibrous 
connective tissue which unites the cartilaginous with the osseous meatus. 
They then ramify in the lining membrane of the auditory canal, and form a 
fine capillary network on the perichondrium in the region of the sweat glands, 
the hair follicles, and the sebaceous glands. A vascular bundle of considerable 
size extends along tbe superior wall of the meatus to the superior periphery 
of the membrana tympani, and passes on to the membrane with a band of 
connective tissue, M'hich will be described later; it then extends along the 
posterior margin of the manubrium to its inferior extremity. 

Veins. — ^The veins of the auricle and of the external auditory canal pre- 
sent numerous variations in regard to their union with the larger venous 
trunks on the lateral portions of the head. The anterior, posterior and deep 
auricular veins generally empty into the external jugular and mastoid veins; 
a portion of the veins of the external ear empty into the temporal and 
internal maxillary veins. 

Lymphatics. — Regarding the lymphatics of the external auditory canal, 
the author has already pointed out that they are probablj' in close connection 
with the lymphatics on the mastoid process and on the parotid gland, for we 
often find, in inflammatory affections of the meatus, that the lymphatics in 
the neighbourhood of the car become enlarged. Recent investigations have 
shown that the ljunphatics of the anterior and superior walls of the meatus, 
the tragus, and the suiTounding parts, empty into the pre-auricular glands 
(on the parotid), that those of the lobule, the helix, and the inferior wall of the 
meatus, empty into the mfra-auricular glands (in the angle of the jaw), that 
those of the anti- helix and the concha empty into the mastoid glands (on the 
apex of the mastoid process), and that those of the posterior wall of the meatus, 
together with those of the Eustachian tube, empty into the deep cervical and 
retropharjmgeal glands (Stahr, Poirier-Cuneo, ISIost). 

Nerves. — The nerves of the auricle and external meatus arise from 
the facial, which sends the posterior auricular branch to the posterior 
surface of the auricle; from the trifaeial, the third branch of which, in 
conjunction with some twigs of the auriculo-temporal, supplies the skin 
of the auricle and external meatus. The cervical -plexus also supplies the 
external ear through its great auricular branch; the pneumogastric assists in 
the supply of the external meatus through its auricular branch, which was 
discovered bj'^ Arnold, and which arises from the jugular ganglion; it per- 
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forates the posterior 'vvall of the meatus as a considerable branch, and supplies 
its lining membrane. A larger branch extends from the superior wall of the 
meatus to the membrane. 

(e) The Size, Length, and Direction of the External 
Auditory Canal. 

Size.—Tlie size of the external auditory canal in the adult is 
subject to many individual variations. The cartilaginous portion 
is often so spacious that the little finger can easily be inserted as 
far as the osseous portion, while in others it is narrowed to the 
diameter of a goose-quill. The lumen of the cartilaginous canal, 
which is 5-7 mm. at the orifice of the ear, widens to 9-11 mm. 
in its inner part. It presents a moderate narrowing at its place 
of union with the osseous meatus (7-9 mm.), and again suddenly 
enlarges at the beginning of the bony canal. The cartilaginous 
canal is narrower in children than in adults, which therefore 
makes examinations and operations more difficult. On the 
other hand, in old persons a slit-like closure of the external orifice 
of the ear ofteh takes place in consequence of atrophy and shrink- 
ing of the cartilage. 

The width of the osseous meatus also presents many individual 
variations. Its lumen gradually becomes smaller in passing 

inwards (Fig, 9), being most con- 
stricted at the margin of the inner 
third (isihnns), and again increasing 
at the membrane. The lumen of 
this canal is somewhat round extern- 
ally, and elliptical in its deeper 
portions beyond the isthmus (Fig. 12) ; 
the larger diameter of the ellipse is 
not perpendicular, but slightly in- 
clined forwards.' From the fore- 
going it follows that the isthmus is 
that j)art of the osseous meatus 
where the anterior.^ and inferior walls form the greatest 
convexity. 

This is the place where foreign bodies become wedged, and where, if they 
penetrate more deepty, the greatest obstacle is offered to their extraction; it- 
is, therefore, important to knoAv that the distance from the anterior portion of 
the isthmus to the anterior periphery of the membrane is 7-8 mm., Avhile the 
distance from the^ posterior portion of the isthmus to the posterior periphery 
of the membrane is only 1—2 mm. This being the case, in attempts at extrac- 
tion, the instrument must be passed along the superior and posterior walls 
with great caution to avoid injuring the membrana tympani. At the isthmus 
the transverse diameter of the osseous meatus averages 6 mm., the vertical 
diarueter 9 mm.; the diameter of its internal -extremity is 10 mm. in the 
vertical and 4-2 mm. in the transverse. According to Bezold, the long 
diameter at the commencement of the osseous meatus is 8-67 mm., the short 
diameter 6'07 mm. ; internaUj% and at a point corresponding to the external 
pole of the membrane, these diameters are 8-l3 mm. and 4-6 mm. respec- 



Fig. 12. — Section of the 
External Meatus. 

a, Lumen of the meatus ; h. An- 
terior Avail; c. Mastoid cells. 
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tivoly. According to Ostinann {Blitleil.f. O., 1893), a more circular auditor}' 
canal is generally found in diacephalic skulls, and a more oval one in brachy- 
ceplialic skulls. 

Length. — The lengths of the different walls, from the external 
orifice to the insertion of the membrane, are unequal. V. Troltsch 
assumes, as the external boundary of the meatus, a sagittal plane 
passing through the posterior margin of the orifice; according to 
his measurements, the length of the superior wall is 21 mm., 
the inferior 26 mm., the anterior 27 mm., and the posterior 
22 mm. On an average the length of the entire meatus is 
24 mm., of which more than one-third is taken up by the carti- 
laginous portion. 

Direction. — The external meatus presents several curves from 
the external orifice to the membrane, which must be borne in 



Fig. 13. — Horizontal Section of the External Meatus. 

a, Concha; h, Tragus; c, Place of attachment of the cartilaginous imrtion; d. Mas- 
toid process; e. Anterior wall of the meatus; /, Sin. meat, audit, extern.; 
g, Memhrana tjnnpani; h. Tympanic cavity. (Left ear.) 


mind in examination of the latter, as well as in operations in the 

• canal. Although the entire meatus appears spirally twisted 

* about its axis, it may be assumed that the cartilaginous portion 
in passing inwards turns backwards and upwards, and the 
osseous portion forwards and downwards. The long axes of 
the two portions of the canal therefore form an open angle 
forwards and downwards, and as the meatus slopes inwards and 
outwards from the place of union, the inferior part of the 
external auditory orifice and of the membrana tj^mpani must lie 
lower than the other parts of the canal. 
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II. THE MIDDLE EAR. 

The middlE 6by, tli6 most impoz’t&nt pflrt of tlis aziditoiy ftp" 
paratus from a pathological standpoint, is divided into — 

1. The Tympanic Cavity. 

2. The Eustachian Tube. 

3. The Wlastoid Process. 

I. The Tympanic Cavity. 

The tympanic cavity (Henle) is an irregular, three-sided pris- 
matic space (Fig. 9, /) compressed from without inwards; the 
diameters from above downwards, and from before backwards, 
are greater than from without inwards. It is divided into three 
parts. 

1. The Superior Tympanic Gamiy [cavum epitympanioum 
(Schwalbe), attic (Leidy), cupola .(Hartmann)], which contains 
the head of the malleus and body of the incus, is bounded above 
by the tegmen tympani, and below by the horizontal portion of 
the facial canal and the tendon of the tensor tympani muscle. 

2. The Middle Tympanic Cavity (atrium, mesotympanicum, 
Kiimmel), which takes in the tympanic membrane and the 
promontory wall, 

3. The Inferior Tympanic Cavity (cavum hj'-potjmipanicum, 
Kretschmann; cellar) reaches from the inferior border of the 
sulcus tympanicus to the floor of the tymj)anum.* 

Although the walls forming this cavity are not sharply defined, 
it is, nevertheless, necessary for a clear understanding of its 
anatomical relations to describe the t3’'mpanum as being made 
up of different regions or walls. We Avill begin with a descrip- 
tion of its external wall, and as the membrana tympani forms 
its greater part, we will commence with its anatomical relations. 

The common names of the tympanic walls — external, internal, superior, 
and inferior — do not correspond to their actual positions, as the direction of 
the cavity from above downwards is not perpendicular, but oblique from 
above downwards and inwards (medially). If, in spite of the above, we still 
adhere to the old names, we must never lose sight of the fact that in the 
normal position of the head the external wall becomes an external inferior 
b}'' its inclination; the .internal wall, which roofs over the external, an 
internal superior; the inferior wall, an inferior internal; and the superior 
wall, a superior external.f These relations are of great practical importance. 


* Cp. A. Politzer, Zehn Wandtafeln zur Anatomic des Gelidrorgans. 
Wien, 1873. Braurniiller, Plate iii. 
t Cp. Schoneman, TopograpMe der Trommellwhle, 1905. 
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(a) The Membrana Tympani. 

The membrana tympani is situated at the inner extremity of 
the osseous meatus, and appears as an irregular, oval, concave 
membrane, placed obliquelj’- to the longitudinal axis of the canal 
in a groove-like sulcus {sulcus Ujmjtcmicus). This sulcus belongs 
to the tympanic ring, already mentioned (Fig. 6), and is present 
in the adult temporal bone as the original position of the 
tympanic ring. Anteriorly and superiorly, however, at the 
incisura tymi^anica (Kivini) (Fig. 14, h) 
the sulcus is entirely lacking, and the 
'pars flaccida, located here, is partly 
united with the grooveless margo tym- 
panicus and partly with the ligamentum 
mallei laterale. 

Form. — Its shape may be elliptic, 
irregularly oval, and heart-shaped. 

The membrane is bulged out at two 
places in its periphery — namely, 
posteriorly and superiorlj'- — into a 
large segment of a circle (Fig. 14, c); 
and anteriorly at the incisura tjan- 
panica (Figs. 14, b; 15, c; and 16, s) 
above the short process of the malleus. 

This latter segment is demarcated from 
the remaining tympanic sulcus by two 
more or less sharply defined angular 
projections (Figs. 14 and 16), the dis- 
tance from each other at the base being 
21—3 mm.; the height of this rounded 
segment is about 2 mm. 

Size. — The size of the membrane 
presents more or less variations in 
different individuals. According to numerous measurements 
taken by the author, the greatest longitudinal diameter from the 
point of the spina tympanica posterior to the lowest point of the 
inferior margin of the membrane is 91-10 mm.; the greatest 
transverse diameter, from the anterior to the posterior periphery , 
is 81-9 mm. Bezold’s measurements on corrosion specimens 
give the average of the two diameters as 9-2 and 8-5 mm. 
According to Schwalbe, the square measurement of the 
membrane is 69-1 mm-. The thickness of the membrane 
between the handle and the tendinous ring is 0-10 mm. 
(Henle). 

Inclination. — The inclination of the membrane in the adult 
depends on the inclination of the somewhat spirally curved sulcus 
tympanicus to the axis of the meatus. Its inclination will be 
greater the further the anterior and inferior walls of the meatus 


b c 



Fig. 14. — Sulcus of the 

MEJtBHANA TYMFAXI AT 

THE Inner ExTRBjnry 
OF THE Meatus. 

a, Sulcus; b, Anterior su- 
perior groovcless bulging 
of tlic periphery of the 
membrana tjTOpani (margo 
tympanicus) or Rivinian 
segment; c, Osseous wall of 
the tjTnpanic cavity behind 
the membrana tympani ; 
d, External wall of the 
tympanic cavity extending 
into the Eustachian tube. 
(Right car.) 
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reach internally beyond the posterior and superior walls 
(Figs. 9 and 10). One differentiates, therefore, a vertical and a 
horizontal inclination. The former, according to Schwalbe, is 
designated inclination, the latter declination. Bezold’s measure- 
ments on corrosion specimens gave the average angle as 
27°-35°. V. Troltsch estimated the angle which the plane of the 
membrane forms with the superior wall at an average of 140°. 
According to J. Poliak, there is no perceptible difference in the 
inclination of the membrane in the new-born and in the adult. 
It is, however, to be noted that the separate portions of the 
membrane exhibit a different inclination to the horizontal. 
The anterior inferior quadrant forms an angle of 75°-85° with the 
axis of the meatus when the head is in a vertical position; the 
posterior superior quadrant, an angle of 150°. 



Fig. 15. — External Surface of the 1\Iembrana TYiarANi (NATUR-m 

Size). 

a, Short process of the malleus; h. Inferior cxtremily of the handle of the malleus 
(umbo); c, Membrana flaccida Shraxuicll; d, Fossa mandibularis; c. Mastoid 
jirocess;/, Section of the zygomatic irroccss. (Right ear.) 


Curvature. — The obliquely-placed membrane is curved in 
such a manner that its concavity is directed outwards, its con- 
vexity inwards (Pig. 9, e). The greatest point of curvature, the 
umbo, corresjionds to the inferior extremity of the manubrium, 
which is enclosed in the layers of the membrane. Through the 
inward traction of the handle, the membrane appears funnel- 
shaped. The membrane appears, as a whole, concave externally ; 
still, there is a deviation from this regular curvature, in so far 
as the anterior and inferior portion between - the umbo and 
the periphery is decidedly convex externally (Fig. 9). The 
portion situated posterior to the handle appears flatter, and 
shows a less regular curvature than the anterior and inferior 
parts. 

The hammer is a structure in close relation with the membrane 
(Figs. 15 and 16); its shaft-like handle is intimately united with 
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the laj’^ers of the membrane, and is strongly inclined imvards; 
it extends in an oblique direction from in front and above, down- 
wards and backwards, and ends at the umbo in a spade-like 
extremity (Pig. 15, h). 

The handle of the 'malleus, which divides the membrana tym- 
pani into two unequal parts — an anterior smaller (Pig. 16, -a), and 
a posterior larger (h) — extends forwards and upwards, and ends at 
the processus brevis (Pig. 15, a). 

The short process is reeog- f ^ s’ 

nized as a marked, knob-shaped 
projection at the anterior supe- 
rior pole of the membrane. 

Prom here two more or less 
prominent folds run anteriorly 
and posteriorly; when the 
membrane is abnormally re- 
tracted, the posterior one has 
the appearance of a grey 
tendinous band, the diagnostic 
significance of which will be 
pointed out in a later chapter. 

A third, less prominent fold is 
seen to extend to the incisura Fig. 16 
tjunpanica, and is a part of 
Shrapnell’s membrane. 

One finds, near and above Segment of the tympanic mcmW^ 
,, Pill j . . • 1 A lying in front of the handle of the 

these folds, two short, straight , Malleus; h, posterior segment of the 

tympanic membrane; s, s', Prussak^s 
strire, passing from the short process of 
the malleus to thespina tympanica major 
ct minor; ms, ShrapncU’s membrane. 



Outer Surface of the Left 
Tympanic Membrane of anJAuult, 
enlarged 3?, Times. 


stria) at the anterior superior 
pole of the membrane; these 
take their origin from the 
corners of the Eivinian seg- 
ment, and converge towards the point of the short process 
(Pig. 16, s, s'). These stria), Avhich were first described by 
Prussak (aitachvicnt strico of the memhrana tijmpani, Helmholtz), 
and Avhich during life are frequently visible as white lines, appear 
somewhat sunken in dried specimens. This slightly depressed 
portion of the membrane (Pig. 16, ms), which is bounded by 
these striiB and the grooveless Eivinian segment, is commonly 
called the pars fiaccida (Shrapnell’s membrane). This is much 
thinner and less tense than the other parts of the membrane 
{pars tensa), and forms the external wall of a small space {Prussak' s 
space) which communicates Avith the tympanic cavity. The 
height of the pars fiaccida is l-J mm., the AAudth at the base 
2 mm. 

The first structures Avhich attract our attention* on the inner 
surface of the iiiAvardly retracted membrane are the head of the 
malleus and the bod}’’ of the incus intimately connected Avith it 
(Pig. 17, a, g). The neck of the malleus (Fig. 17, b) is found 
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below the head, from which the handle proceeds downwards 
and backwards (Mgs. 16 and 17, d). In spite of its close con- 
nection with the membrane, it stands away so far that it appears 
as if it were simply lying upon its inner surface. If the incus 
is removed, a duplicature, described by Cornelius,* and later 
by V. Troltsch, is found on the posterior superior segment 
of the membrane; it arises from a slightly rounded ridge of 
bone within the sulcus, and from the posterior superior peri- 
phery of the annulus tympanicus {limbus mcmbrancB tympani) 
runs anteriorly and superiorly, and is attached to the posterior'^ 
surface of the manubrium. This fold, standing away from the 

h g a 



Fig. 17. — Internal Surface of the Left ]\lEJn3RANA Tvjipani (Enlarged). 

a. Head of the malleus; b, Neck of the malleus; c, Tendon of the tensor tympani 
and anterior fold of the membrana tympani; d, Inferior extremity of the handle 
of the malleus; e, Anterior portion of the membrana tympani; /, Posterior fold 
of the membrana tympani and chorda tjuni^ani; g. Incus; h, Short process of the 
incus ; i, Long process of the incus. 


drum membrane with a free, concave margin, forms, with the 
posterior surface of the membrana tympani, the posterior tym- 
panic iD 0 uch'(^v. Troltsch ) — rccessns membraiioi iymjmni posterior 
(Mg. 17,/; Mg'. 18, to). The anterior pouch, the smaller of the 
two, is formed by an osseous projection from the neck, the liga- 
mentous and osseous remains of the long iirocess of the malleus, 
by the chorda tympani, the inferior tympanic artery, and the 
mucous membrane. The superior boundary of this pouch corre- 
sponds with the anterior grey stria of Prussak. The chorda 
tympani appdars at the posterior superior margin of the sulcus 
tympanicus, communicates with the canalis facialis (Fallopii) by 


* Cp. A. Politzer. Geschiclile der OhrenJieilkunde, vol. i., p. 365. 
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means of a small eanal, and runs along tlie inferior margin of 
the posterior tympanic fold over the neck of the hammer to the 
Glaserian fissure (Fig. 17,/). 

ir 



Fio. 18. — Section TiiRouan the Malleus ano the Postekior Tympanic 
Pouch at the Level of the Short Process of the Malleus. 

h, JIallcus; hr, Cartilaginous portion of its short process (Gruber); (r, Posterior 
portion of the tympanic inombrane;/(i, Posterior fold of the tjnnpanic membrane ; 
la, Posterior pouch of v. Troltsch; s. Mucous lining of the tympanic cavity. 

The IVlicroscopic Anatomy of the Tympanic Membrane. 

Tlio tympanic membrane is composed of tliree main layers: a middle fibrous 
(the lamina propria), an external cuticular {siralum evianenm), and an in- 
ternal mucous membrane layer {sfralum mncosuni). Tlio cuticular layer is 
easily detached from the fibrous, but the internal mucous membrane laymr is so 
closely connected with the membrana propria that it is impossible to separate 
them. 

The cuticular layer, a continuation of the cutis of the external meatus, 
consists of a stratified squamous epithelium with a Malpighian mucous layer, 
and contains only a verj'^ slight stratum of connective tissue, wliicli seems to 
bear a constant relation with the vessels and nerves of this layer. 

A strongly-developed cutaneous band is found in the new-born, extending 
from the superior wall of the external meatus to the membrana tympani 
behind the handle of the malleus; a triangular, translucent space is thereby 
formed with its apex directed towards the extremity' of the handle. Vessels 
and nerves also extend from the meatus to the membrane along with this 
cutaneous band, which is composed of connective tissue and elastic fibres 
{Prnssah's descending fibres). At the inferior widened extremity of the manu- 
brium, the ligamentous fibres of this bundle radiate, in a star-like manner, 
towards the periphery', and become interwoven with the fibres of the substantia 
propria. 
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The middle fibrous layer consists of tAvo separable lamellae, an external 
radiating and an internal circular {stratum radiatum et circnlare). The pale, 
filamentous, delicate circular fibres of these two layers form a tissue Avhich, 

according to Gerlach, is midway 
between the common fibrillated 
and homogeneous connective 
tissue of Reichert. The lamina 
propria is a direct continuation 
of the periosteum of the annu- 
lus tympanicus. The external 
radiating, partly crossing fibres 
are attached principally to the 
enlarged inferior extremity of 
the manubrium (Fig. 19, h), 
only a few fibres, however, 
attaching themselves superiorly 
to its anterior border. They 
therefore become more dense 
at the centre, partly because 
they multiply through splitting 
(Gerlach), and partly through 
an accumulation of the fibres at 
the umbo (v. Trdltsch). 

The internal circular lamella 
consists of fibres v-hich cross 
the radiating fibres (Fig. 19, c). 
Fig. 19. — Segment op the Loaveb Portion They are lacking at the external 
OP THE Tympanic Membrane. periphery of the membrane, and 

/i, Handle of the malleus; r, Layer of radiating *^re found ivithin the annulus 
fibres (s«rahMurndi'ab(m);c, Layer of circular cartilaginous {limbus membrani 
fibres {stratum circularc). tympani), which consists of, 

tough, fibrous connective tissue. 
These fibres are most compact at this place, and become more sparse towards 
the centre. Superiorly, the circular fibres pass in greater numbers over the 
external surface of the handle (Prussak). A crossing and amalgamation of 
the fibres coming from both sides of the manubrium appear to take place onlj' 
at the inferior tliird. It is this portion of the handle which is most closelj’’ 
united with the membrana tympani, its connection superiorly being less 
secure.* Betiveen the fibres of the tivo layers we find the connective tissue 
corpuscles of v. Trdltsch. These appear spindle-shaped in the longitudinal, 
and star-shaped in the transverse section. They show a great similarit}' to 
the corpuscles of the cornea, their delicate processes, on the one hand, anas- 
tomosing with each other, and, on the other hand, spreading towards the 
vascular cutaneous and mucous membrane layers from Avhich they draw their 
nutrition. According to y. Trdltsch, the epithelial cells of the mucous mem- 
brane of the drum are supposed to be in direct communication Avith the cor- 
puscles of the membrana tympani by means of short processes. Watsuji 
found elastic fibres in the membrana tympani. 

The internal or mucous membrane layer of the drum, a continuation of 
the lining membrane of the tympanum, is closely united Avith the chcular 
fibrous layer, and consists of a scanty stratum of connectiA'e tissue Avith a 
covering of non-ciliated squamous epithelium. On the mucous membrane 
layer, Gerlach found, especially in the ncAv-born, papillrc covered Avith squamous 
epithehum and provided with one or more capillary loops ; these Avere analogous 
to the villi of the intestines. 

The fibres of the substantia propria are lacking in the pars flaccida (Shrap- 

* Cp. Politzer, Die anatom', u. histolog. Zerglicdernng dcs menschl. 
Gehororgans. pp. 209 and 210. 
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iielli); this mcinbrnno consists of dolicato, ii’regularly interlacing fibres of 
connective tissue, covered externally by a thin cuticular layer, and internally 
by the mucosa of the tympanum. It is penetrated by bloodvessels -which are 
inconstant in their course. 

The membrana tympani possesses two vascular networks, separated by the 
substantia propria, and anastomosing with each other at the periphery; the 
outer belongs to the connective tissue of the eutis, the inner to the mucous 
membrane. 

The vascular network of the cutis arises from the deep auricular artery, 
which sends a branch to the centre of the membrane. This arteriole lies 
between two veins which form a plexus here and there, and descends to 
the umbo from the posterior superior wall of the meatus behind the manu- 
brium. In the centre of the membrana tympani the arteries and veins com- 


rt 



Fig. 20. — Finnous Fn.vsir.wouK or Tin: Posturior SnaMUNT or the 
Inner SunrACE or the SIemrrana Tympani in the Adult. 

n, Groat interspace in the framework; h, Small interspace, through which a thin 
process passc.s; c. Arch formed by radiating jnoccsscs. 


municatc with a peripheral vascular zone by means of numcrons radiating 
branches; this brings about a communication between these vessels and 
those of the tympanum (Moos). According to Moos, anastomosing vessels 
perforate the membrana tympani in the region of the Iiammcr and at otlier 
parts. TIio veins arc most numerous at the liandle of tlie malleus and at the 
peripheiy. The artei’ial branches which run along the handle partly enter 
the venous plexus at this place, and partly radiate towards the peripheral 
venous zone. 

The veins of the cuticular layer of tlio membrane are connected, partlj^ with 
those of the external meatus, and partly, tlirough apertures on the periphery 
of the membrana tympani, with the vessels in the tympanic cavity; these 
apertures are sometimes of considerable size. 

The vascular network on the mucous membrane layer of the drum arises 
from the vessels of the tympanic cavity, and presents a rather closely meshed 
capillary system; the latter is developed from an artery which runs parallel 
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to the handle of the malleus on the internal surface of the membrana tympani 
(Moos). 

According to Kessel {Strieker's Handbuch, 1870), the lymphatics of the 
membrana tympani are arranged, like the arteries, in three layers, anasto- 
mosing with each other; on the other hand, Alagna found only a lymphatic 
network in the membrana propria, which was especially well developed along 
the handle of the malleus. K the epithelium is brushed off from the mucous 
membrane layer, there will be found, even under low power, a fibrous frame- 
work (Gruber) lying on the substantia propria, which is especially developed 
on that part situated behind the manubrium. From the membranous expan- 
sion of this fibrous framework, which is interrupted here and there (Fig. 20, a) 
by large and small interspaces, there radiate processes which form curves (c) 
of different sizes. These fibres penetrate to the substantia propria, where they 
become interwoven with the fibres of that layer. According to the investiga- 
tions of the author, a similar formation is found on the mucous membrane of 
the tympanic cavity, and cannot therefore be considered a structural pecu- 
liarity of the membrana tympani. 

The nerves of the membrane arise, according to Arnold, from the super- 
ficial temporal branch of the trigemimts, and run on the external cuticular 
layer parallel to the vessels in the form of three or four very delicate, ill- 
defined branches; they come from the superior wall of the meatus, and pass 
to the membrane behind the handle of the malleus. 

Kessel is supposed to have observed large nervous plexuses and ganglionic 
sweUmgs around the vessels and between their meshes. A second plexus 
having multipolar cells is found in the rete Malpighii. The nerves of the 
cutis ^vide dichotomously and penetrate the substantia propria, communicat- 
ing with the nervous plexus of the mucous membrane. Gerlach observed 
delicate, non-medullated nerves in the superficial layer of the mucous mem- 
brane. Forus and Calamida have found, independently of each other, a 
fine nervous plexus in the mucosa of the membrana tympani. 


(b) The Superior Wall of the Tympanic Cavity. 

The superior wall is formed by an osseous plate continuous with 
the superior surface of the petrous portion of the temporal hone. 
This plate forms posteriorly the roof of the aninim iympanicum, 
and anteriorly the roof of the semicanal for the tensor tympani 
muscle, and of the osseous portion of the Eustachian tube; 
externally, at the fissura petro-squamosa, it becomes continuous 
with the lamina interna of the pars squamosa, the latter taking 
only a small pai’t in the foi’mation of the tegmen tympani. This 
last-mentioned suture is found on the superior Avail of the tym- 
panum in the new-born, and processes of connecth’^e tissue 
containing bloodvessels pass through it from the dura mater into 
the tympanic cavity (Wagenhauser). This suture is firmly united 
in the adult, the connective-tissue processes and Amssels haAong 
almost entirely disappeared. It is indicated as a jagged furrow 
on the macerated bone, and is situated for the most part above 
the osseous meatus. The curved projection of bone placed at 
right angles to the inferior surface of the tegmen [crista 
transversa tympani, Bezold) serves for the attachment of a 

fold of mucous membrane, which is connected with the tensor 
tendon. 
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The thickness of the sujjerior wall of the tympanic cavity above the head 
of the malleus is 6-6 mm. This osseous plate is often rather thick and contains 
many cell-spaces. It is very thin in other cases, and sometimes presents one 
or more irregular apertures, or it may bo defective to a great extent; this is 
called a dehiscence of the tegmen tyinjiani, and is brought about by an arrest 
in development or atrophy (Hyrtl). The investigations of the author in 
regard to dehiscences of tlio tcginea tymjjani have sliown tliat these apertures 



Fig. 21. — Cross-section of a Deihscent Tegmen Tvmpani after Removal 


OF THE Dura Mater. 

r, r', Bony margins of the dehiscence; t, t'. Dehiscence of the lining membrane; 
0 , Cross-seetion of an isolated piece of bone embedded in the membrane. (Taken 
from a specimen in. the author’s collection.) 


are closed by a thin membrane, in which are sometimes enclosed long osseous 
spines which run hr a sagittal direction. The author considers these the 
remains of the tegmen tympani. and thinks the dehiscence arises onl3’^ after 
the development of the temporal bone. The space above the membrana tym- 
pani in which the head of the malleus and bodj"^ of the incus lie is called the 
superior tympanic cavity (attic of the tympanum, cupola, rccessus epitym- 
panicus). 


(c) The Inferior Wall of the Tympanic Cavity. 

The inferior wall is narrower than the superior; it is bounded 
behind by the posterior wall, and in front by the gentle elevation 
of the inferior towards the anterior wall, which is situated below 
the tympanic orifice of the Eustachian tube. The position and 
form of the floor of the tympanum depend on the size of the 
fossa jugularis, the latter being deeper on the right than on the left 
side. Its surface usually presents ridges and depressions, but is 
not infrequently smooth and bulged towards the tympanic cavity 
by the adjoining fossa jugularis. The thickness of this wall is 
very variable, and, according to Lafite- Dupont, sometimes con- 
tains pneumatic spaces. In many specimens of the author’s 
collection, the fossa jugularis reaches up so far that a dehiscence 
exists between it and the internal auditory canal. A fatal 
phlebitis and thrombosis of the jugular bulb can be brought 
about by caries of this wall. 

(d) The Posterior Wall of the Tympanic Cavity. 

The posterior wall, several milhmetres in height, rises rather 
abruptly from the floor^of the tympanic cavity (Eig. 23, e) ; at its 
upper part there is a large triangular aperture, which is the 
means of communication between the tympanum and the mastoid 
process. The saddle-shaped notch found at the inferior angle of 
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this aperture (fossa inciidis) serves for the reception of the short 
process of the incus. The emineniia pijramidalis (g) enclosing 
the stapedius muscle arises from the medial surface of this wall; 
this eminence, a small, bony process directed forwards, communi- 
cates with the facial canal by one or more small fissures; a small, 
round opening for the exit of the stapedius tendon can be seen, at 
its apex. 



Fig. 22. — ^Frontal Section through 
THE External MEATUs,TYjrPANUM 
AND THE Labyrinth of an Adult, 
THE Annulus Tysipanicus and 
Mesibrana Tyjipani being intact. 

me. Meatus acusticus extemus; cl, 
Cavum tympani with the tympanic 
membrane, the ossicular chain and 
the tensor tendon; tg. Paries tegmcn- 
talis (tegmen tympani); v. Vestibule; 
mi. Meatus auditus intemus. (Left 
ear.) Prom a prej)aration in the 
author’s collection. 



Fig. 23. — ^^^IEW of the Posterior 
Wall of the Tympanic Cavity. 

a. Meatus; h, b', Superior and inferior 
walls of the meatus; c, Superior wall 
of the tjTnpanic cavity'; d'. Inferior 
wall; d. Protuberance underneath the 
eniinentia st.apedii, caused by' the 
superior extremity of the styloid pro- 
cess; c. Posterior wall; f. Entrance 
into the mastoid process; g, Eminentia 
stapedii; Ji, Canalis Fallopiai; i, In- 
ternal meatus. 


Inferior and somewhat external to the ominentia pyramidalis 
one often finds a more or less pronounced, irregular protuberance 
(d), which is brought about by a protrusion of the superior 
extremity of the styloid process — 'protuberaniia siyloidea (Arch. f. 
0., vol. X.). 

This process, which, according to Gradenigo, is composed of an upper and 
lower part, originates from the second branchial arch (Reichert), and is mostly 
cartilaginous after birth, ossifying in the course of the first years of life. The 
shape of its superior portion in the new-born resembles a club (Fig. 24), the 
usperior, knobby extremity of which is found inferior to the eminentia 
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stapcdii, and was first described by the author. The rounded extremity of 
the club {h) rests in a cup-shaped depression directed forwards at the external 
margin of the mastoid antrum. This small depression, 1 mm. in diameter, 
the author has repeatedly found at the anterior portion of the mastoid process 
in the macerated temporal bones of the new-born; in such bones, the superior 
extremity of the styloid process had not yet ossified, and had not yet united 
posteriorly with the mastoid process. This small cup-shaped depression was 
first described by the author.* 



Fig. 24. — Styloid Pro- 
cess IN THE New-born. 

a, Superior extremity 
pointed toward.s the pos- 
terior wall of the tympanic 
cavit5’’ (processus periot. 
post.); b, club -like ex- 
tremity pointing back- 
wards; c, Short cartilagi- 
nous process; d, Inferior 
extremity. 



Fig. 25. — Section of Styloid Process in 
THE Adult. 

a, Mcmbrana Ijunpani; b, Medullaiy cavity of the 
styloid process; c. Its superior extremity with the 
protuberance on the posterior wall of the tjnnpanic 
cavity. 


The ossification of the styloid process often begins before birth at the pro- 
cessus p)erioticus posterior. By carcfully^ opening the sheath of the styloid 
process in the macerated temporal bone of the new-born, the superior ossified 
portion is often found firmly united with the above-mentioned small depres- 
sion. 

-The author has also succeeded in tracing the styloid process to its upper- 
most extremity in the adult bone. In carefully-made sections (Fig. 25), the 
cortical substance of this process was found firmly united with the sur- 
rounding bony tissue, but the author could trace the medullar3'' space (b) 
to its superior extremity bordering on the posterior wall of the tympanic 
cavity. 


(e) The Anterior Wall of the Tympanic Cavity. 

This wall is formed only by the short, ridgy, oblique plane which 
arises at the anterior boundary of the inferior wall (Fig. 26, g'). 
At the upper part of this wall, on a level with the entrance of the 

* Politzer, Die anatom, u. liistdlog. Zergliederung des menscJdichen 
Gehororgans, p. 51, Fig. 52, g. 
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mastoid process, a large, irregular, triangular aperture is seen; 
this is the ostium tympanicum tubaa, which leads into the osseous 
Eustachian tube, and lies immediately below the semicanal for the 
tensor tympani muscle.' The ridgy, sometimes dehiscent, anterior 
wall borders immediately on the carotid canal (Fig. 26, h), through 
the elevation of which it is principally formed. A fatal haemor- 
rhage may occur from caries of this wall, causing erosion of the 
carotid artery. The walls of this vessel are surrounded by a venous 
sinus which communicates with the cavernous sinus — 'plexus venosus 
carolicus internus (Eektorzik). 

(f) The Inner Wall of the Tympanic Cavity. 

The relations of the inner or labyrinthine wall (Fig. 26) are more 
complicated. On this wall there are two labyrinthine windows, 
both of which are of great physiological importance. The oval 
or bean-shaped window (a) — fenestra vesiibuU — which leads into 
the vestibule, is situated in a deep depression, and receives the 
foot plate of the stapes. This recess is called the fossula fenestrce 
vestibuli (pelvis ovahs), and, as we shall see, is very often the seat 
of pathological changes causing an obstruction to the waves of 
sound. The greatest diameter of the aperture (3-5-4 mm.) extends 
from before backwards and doAvnwards; the vertical diameter 
(1 -5-2 mm.) runs obliquely from without inwards and downwards. 
The plane of the fenestra ovalis is, therefore, just as much inclined 
to the axis of the external meatus as the drum membrane. The 
superior margin of this fenestra is convex, the inferior slightly 
concave. The anterior rounded end is much wider than the pos- 
terior, where the superior and inferior margins of the base of the 
stapes meet in a small, rounded cuiwe. 

Below the fenestra vestibuli we see the recess of the fenestra 
rotunda (fenestra coclilece, Fig. 26, b) directed backwards. A small, 
delicate, somewhat concave membrane, directed towards the 
tympanum, is found in an obliquely placed groove at its base — 
membrana fenestrce cochleae rotunda or membrana tympani secun- 
daria of Scarpa; this membrane separates the canal of the cochlea 
from the tympanum. Its height varies from T6-3 mm., its 
width from 1-3 mm. Between this recess and the eminentia 
pyramidalis there is a depression on the inner tympanic wall, 
which varies in size in different individuals (sinus tympanicus, 
Steinbriigge) ; according to Katz, this sometimes forms a rather 
long, bony canal in the pyramid, and ends in a blind extremity. 

The inner wall of the tympanum is strongly bulged between, 
and a little in front of, the two fenestrse; this is due to the first 
turn of the cochlea, and is designated the promontoiy (Fig. 26, c). 
Jacobson’s nerve runs vertically over the promontory in an open 
or covered groove (sulcus promo^itorii), and connects the jugular 
ganglion with the small superficial petrosal nerve. A number of 
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inconstant, winding furrows in the mucous membrane of the 
promontory show the course of the nerve branches which form 
the plexus tjmpanicus. 

Above the fenestra ovalis, a portion of the fascial canal can be 
seen inclined slightly backwards. This canal commences at the 
internal meatus above the place of entrance of the auditory nerve; 
it then passes externally above the vestibule into the substance 
of the petrous bone, and arriving at the inner t 5 mpanic wall, forms 
the so-called knee (Fig. 26, e) ; from here the canal continues back- 
wards along the inner tympanic wall above the fenestra ovalis, 
and at the border between the posterior and inner walls takes a 
sudden curve doAvnwards to end at the stylo-mastoid foramen. 
That part of the canal which traverses the tympanic cavity some- 
times presents dehiscences of varying sizes. 



Fig. 2G. — ^Inxeu Wall of the G'ympanio Cavity. 

. a, Fenestra ovalis ivitli the stapes; h. Fenestra rotunda; c. Promontory; d, Musculus 
stapedius; e, Canalis facialis;/, Canal for the tensor tympani; g, Mastoid process; 
g'. Anterior wall of the tympanic cavity; li. Carotid canal. 


That portion of the Fallopian canal running above the oval 
window is bordered posteriorly by an elevation directed towards 
the tympanic cavity; this elevation corresponds to the wall of the 
horizontal semicircular canal [promineniia canalis semicircularis 
lateralis), on which, in chronic suppurations of the middle ear, 
erosions and fistulse sometimes form. 

The anterior part of the promontory is flatter and narrower, 
inasmuch as it is confined between the anterior tympanic wall, 
rising obliquely towards the tympanic orifice of the Eustachian 
tube and the semicanal for the tensor tympani muscle. 

The last-named canal begins at the anterior part of the temporal 
bone, in the triangular segment formed by the apex of the petrous 
and the interior margin of the squamous portions of the temporal 
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bone. It lies (Pig. 26,/) above the osseous portion of the Eustachian 
tube, from which it is incompletely, but often completely, separated 
by a thin, osseous lamella. The canal lies on the border between 
the internal and superior tympanic walls, and ends at the middle 
of the facial canal in front of, and above the fenestra ovalis; at 
this place it presents a spoon-shaped process {'processus cochleari- 
formis) directed externally, over which the tendon of the tensor 
tympani passes directly across the tympanic cavity to the handle 
of the malleus (Pig. 30). 


{g) The Ossicles. 

The ossicles form an articulated chain in the tympanic cavity, 
which extends from the membrana tympani (Fig. 30) to the 
fenestra ovalis. They conduct the waves of sound from the 
membrane to the labyrinth; these ossicles are composed of com- 
pact and spongy osseous tissue, and are well supplied with vessels. 
The first of these, the Hammer {')nalle^ls, Pig. 27), resembles a 
club and measures 7-9 mm. We differentiate an oval head (a), 
with its articular surface directed backwards (c), a constricted 
neck (b), an angular handle (c) connected with the membrana 
tympani and strongly inclined inw'ards, a long process projecting 


a 



Fig. 27. — Malleus of a 
New-born Infant. 

a, Head; h. Neck; c, 
Handle; d. Long pro- 
cess; e, Articular sur- 
face. 


<1 



Fig. 28. — ^Incus. 

a, Body; b. Short pio- 
cess; c. Long process; 
d. Articular surface; 
c, Inferior toothed 
process or cog. 


u 

I 

c 

Fig. 29. — Stapes. 

a, Head; h, Cnis; c, 
Foot-plate. 


into the Glaserian fissure (fiss^ira peiroiyjnjjanica) (d), and a short 
process, covered with cartilage, and directed towards the external 
meatus (Pig. 30, o). The Incus (Fig. 28), the body of tvhich (a) 
resembles the crown of a molar tooth, presents anteriorly surfaces 
for articulation with the head of the malleus; it possesses two 
processes, a shorter {h) directed backwards towards the mastoid 
antrum, and a longer (c), which is slightly bent and runs dow- 
wards and backwards in a direction almost parallel to the handle 
of the malleus. We find the processus lenticularis {ossiculum 
Icnticulare Sylvii) on the long process of the incus, which unites the 
latter with the head of the stapes. The third ossicle, the Stapes 
(Fig. 29), shows many varieties of foim. A hollowed articular- 
surface for the reception of the ossiculum leniicidarc is seen on its 
capitulum (a). It has two crura, of which the anterior is generally 
somewhat shorter and less curved than the posterior; they are 
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separated from the capitnlum by a slight constriction, and are 
united externally in a how-shaped manner {coUmn siajoedis). 
They are inserted near tlie inferior margin of the foot-plate, which 
is convex towards the vestibule (c), and corresponds to the bean- 
shaped outline of the fenestra ovalis. The length (8-3-5 mm.) and 
width (I-5-‘2-0 mm.) of the foot-plate vary according to the size of 
the fenestra ovalis. The average weight of the malleus is 0-023 
eramme. of the incus 0-025 gramme, and of the stapes 0-002 gramme 
(Eitelberg). 

Stapcdcs with one crus {rohnncUa formation) have been described by 
some anatomists. Other .anomalies in the development of the stapes are 
a cartilaginous foo't-]ilate. an abnormally large foot-plate, abnormally largo 
crura and head, and a great diminution in the size of the stapes in microtics. 



Fig. 30. — Si'.criox of Tin: ISxtkrnal Meatus, Membbana 
TVMPAX r, AND TyJIPANIC Ca\’ity. 

a. Cellular spaces in the sujicrior wall of the meatus connected with the middle ear ; 
b. Roof of the tymjianic cavity; c. Inferior wall; d. Tympanic ca^dty; e, Mem- 
brana tympani; /, Head of the malleus; g. Handle of the malleus; /i, Incus; 
f. Stapes; k, Fallojiian canal; I, Fossa jugularis; 7 / 1 , Apertures of glands in the 
external meatus. (Right ear.) 

The head of the malleus is bent at an obtuse angle to its handle. Its 
neck passes directly into the broad tympanic, rhomboidal surface of the 
handle; a spiral ledge is seen on the external surface of the neck, from which 
a strong check ligament c.xtcnds to the external wall of the tympanum. 

The long process of the mallous {processus anterior, Folii) passes to the 
fissura tympano-squamosa (Glascri); it arises as a narrow, flat, slightly bent 
osseous lamella from the anterior angle of the internal rhomboidal surface, at 
the border between the neck and the handle. It is easily recogniied in the 
new-born, but has almost entirely disappeared in the adult, being replaced by 
a tense ligamentous band extending from the Glaserian fissure to the malleus. 

The manubrium, 4-. 5-5-5 mm. long, resembles a sharp spiculum of bone. 
A pointed tubercle of considerable size (short process of the malleus) is 
developed externally at its superior part. If a macerated malleus is ex- 
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amined, a small, rough, depression is found at the point of this tubercle corre- 
sponding to the cartilaginous short process. The slightly curved external 
edge of the handle, firmly .connected with the membrana tympani, takes its 
origin from the short process, and ends in a broad, spade-lilte termination. 
The internal border of the handle arises from the inferior angle of the internal 
rhomhoidal surface. We find between the external and internal edges of the 
handle two surfaces elevated above the level of the membrana tympani, one 
directed anteriorly and internally, the other posteriorly and externally. 

The embryonic malleus is cartilaginous, and the central part is not only 
found unossified in the new-born (Moos), but cartilaginous cells are even 
observed in the adult bone. This has been described by" Heinr. Muller in 
vol. ix. of the Zeitsclirift f. Wissenschaft. Zoologie, 1858, and depicted on 
Plate IX. According to Gruber, the greater part of the short process consists 
of hyaline cartilage, and is to he considered the unossified remnant of the 
embryonic cartilaginous malleus. The ossicles are supposed to form from the 
cartilages of Mec&l and Eeichert. In contradistinction to Gradenigo, who 
believes that the external part of the plate of the stapes is formed by a ring- 
shaped deposit, Fuchs believes that the enthe stapes is developed from the 
labyrinthine capsule. 

Accessory and innumerable ossicles in the tympanum have been observed 
by Cassebohm, Romer, Rosa and others. Frey saw an incus with a mush- 
room-shaped exostosis in the middle of its medial surface. 


(h) The Articulations of the Ossicles (articulationes 
ossiculorum auditus). 

1. Articulation of the Malleus and Incus (arlicvlatio incudo-mal- 
leolaris). — An oblong articular surface is found on the posterior part of 
the head of the malleus, which extends in a sphal manner from above 
downwards and inwards to the boundary of the neck. It consists of 



Fig. 31. — Section of the Akticolation of the JIalleus and Incus. 
a, Malleus; b, Incus; c. Capsular ligament with the wedge-shaped meniscus. 
(Prepared with hyper-osmic acid.) 

two surfaces, which meet in an almost vertical edge, the inferior portion of 
which is described by Helmholtz as the cog of the hammer. The body of the 
incus also possesses two articular surfaces which correspond with those of the 
hammer The superior (Fig. 28, d) is directed inwards, the .inferior (e) out- 
wards. These articular surfaces are covered by a tbin layer of hyaline 
cartilage. The articulation of these two ossicles is effected by a capsmar 
ligament, which is fastened to the somewhat depressed margins of the 
articular surfaces, and permits a considerable amount of correlative mobihty. 
A fibro-cartilaginous fold, first described by Pappenlieim,* projects from the 


* Pappenheim, Spezielle Oewehelehre des Oelidrorgans, 1840. 
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superior wall of the capsule into the joint as a wedge-shaped meniscus 
(Fig. 31). 

The mechanism of the maUeo-incudal articulation is compared by Helm- 
holtz to the contrivance inside a watch-key. As the handle of the malleus 
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Fig. 32. — Section through the Inoudo-stapedial Articulation. 

a. Terminal iiicce of the long crus of the incus, which is connected by fibrous tissue 
with 0 , the lenticular process; st, Capitulum stapedis; g, Cavity of the joint with 
the meniscus; c, c', Hyaline cartilage covering of the articular surfaces; k, h'. 
Articular capsule; m, Tendon of the musculus stapedius. 


moves inwards, its inferior cog (Fig. 27, c) catches the corresponding cog of 
the incus (Fig. 28, e), whereby the long process of the latter must follow the 
motion of the former. If, on the other hand, the handle moves outwards, a 
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Fig. 33. — Section or the Stapedio-vestibular Articulation. 

a, Margin of the fenestra ovalis covered with a cartilaginous layer; b. Margin of the 
foot-plate of the stapes covered with a cartilaginous layer; c, c, Section of the 
ligamentum dnnularo baseos stapedis. 

strong movement of the articular surfaces takes place ; the inferior cog of the 
malleus recedes from that of the incus, whereby the latter follows the motion 
of the former only to a slight degree. 
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2. Articulation of the Incus and Stapes {arliculatio incudo-stapedia) 

This joint is formed by the convex globular surface of the processus len- 

ticularis, and b3f the concave articular surface of the eapitulum of the stapes, 
and is to be regarded as a true joint having a small intra-artieular eavity 
(Fig. 32). The articular surfaces are covered with a thin layer of hyaline 
cartilage, and are united by a capsule containing many elastic fibres, which 
permits a considerable lateral mobility. 

3. Articulation of the Stapes and Fenestra Oval is {syndesmosis 
tympano-stapedia). — ^The tissue connecting the margin of the fenestra ovalis 
with that of the foot-plate of the stapes consists of elastic fibres which extend 
in a radiating direction, and converge towards the margin of the foot-plate. 
This ligament, which is not of equal breadth at all parts of the circumference 
of the oval window, is derived from the periosteum of the bone encircling the 
fenestra ovalis, and assumes the role of the periosteum at the foot-plate of the 
stapes. Toynbee and Magnus have shorvn that the margin of the foot-plate 
and that of the fenestra ovalis are covered with a thin layer of eartilage; this, 
according to Eysell, also lines the vestibular surface of the stapes, and encloses 
the periphery of the foot-plate in a hook-shaped manner. 


(i) The Ligaments of the Ossicles. 

Several ligamentous bands are still to be enumerated in addition to those 
capsular ligaments mentioned above; these extend between the walls of the 
tympanic cavity and the ossicles, retaining them in their position, and acting 



Fig. 34.— Ligamentdm Mallei 
Anterius et Externus. 

b. Head of the malleus; la, Ligamentum 
mallei anterius; le, Ligamentum mallei 
lateralo (ext.); li, Its posterior portion ; 
k. Osseous tip of the spina tj^pan. 
post, (major), projecting between the 
ligament, mall. ant. et extern.; a. An- 
trum tympanicum (mast.). From a 
preparation in the author's collection. 
(Right ear.) 



Fig. 35. — Ligamentous Apparatus 
or THE hlALLEUS AND InCUS. 


h. Head of 'the malleus; I, Ligament, 
mall, ant.; c, Ligament, mall, laterale; 
/, Outer fold of the incus; h, Inner, 
h'. Outer portion of the ligament, incud. 
liost.; ?, Tendon, of the muse. tens, 
tymp.; st, incudo-stapedial articula- 
tion; an, Antr. tynijr. (mast.). From 
a preparation in the author’s collec- 
tion. 


as check-bands in case of two great excursions. 1. The ligamentum mallei 
superins^ is a round band, which extends from the superior wall of the 
tympanic cavity to the head of the malleus; it acts as a check against an 
excessive external rotation. 2. The ligamentum mallei anterius (Fig. 34, la) 
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is a short, very broad, fibrous band, which encircles the long process of the 
malleus, and is inserted into those parts of the head and neck which are 
directed forwards. It must be regarded as the residuum of the embryonic 
processus 3IeckeU of the malleus. This is proven by the 'investigations^ of 
Sapolini and Verga, who described a ligamentum malleo-maxillare, which 
extends from the malleus, tlrrough the Glaserian fissure, to the inferior 
maxilla. 3. The ligamenUim mallei laterale (Helmholtz) (Fig. 34, le) extends 
between the crista capitis mallei and the external tympanic wall above the 
Rivinian segment ; it also acts as a check against an excessive external rota- 
tion. Helmholtz calls the posterior fibres of this ligament the Ugamenhim 
mallei posterins. If a line passing through the latter is prolonged forwards 
tlrrough the malleus, it would intersect the middle fibres of the anterior liga- 
rhent, and as the axis on which the malleus turns passes through these two 
fibrous prolongations, Helmholtz calls them the ligaments of the axis of the 
malleus. 4. Ligamentuvi iucudis poster ius (Fig. 35, b, b'). The short process 



Fig. 36. — System of Cavities 
BETWEEN THE MeJIBRANA 

Tympani and the Neck of 
THE Malleus. 


Is 



Fig. 37. — Pruss.uc’s Space. Section 

THROUGH THE TY^^’ANIC MeIMBRANE, 

Malleus, Upper and Outer Tympanic 
AVall of a Decalcified Preparation. 

Is, Ligament, mall, super.; le. Ligament, 
mall, lat.; s, Membrana Shrapnelli; o, 
Prussak’s space; r. System of cavities be- 
tween the body of the malleus and incus 
and the external tympanic wall; t. Tendon 
of the muse. tens. tymp. From a prepara- 
tion in the author’s collection. 


of the incus, covered with a thin layer of fibrous cartilage, rests in the saddle- 
shaped depression on the posterior tympanic wall at the entrance of the antrum, 
and is connected with the tympanic wall by means of fibrous tissue on its ex- 
ternal and internal side; that band extending between the short process of the 
incus and the external margin of the articular facet is strongly developed (6'.) 

The attic or cupola of the tympanum {cavum epitympanicum) (p. 12) is 
divided into two parts by the articulation of the malleus and incus. That part 
lying between the malleo-incudal articulation and the external tympanic wall 
is called by the author the external attic (Kretschmann’s ammer-Ambos- 
Schuppenraum ; Gelle’s Logette des Osselets). This is formed above by the 
ligamentum mallei superius and the superior malleo-incudal fold, and seems 
therefore to be more or less anatomically separated from the internal attic. 
The external attic is again divided into an upper (Fig. 38, ae) and a lower 
space (P). The latter is known as Prussak's space, and is bounded internally 
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Fig. 38. — Section through 
THE Hammer, Meuhirana 
Tympani and External 
Attic. 


h. Head of the hammer; <c. An- 
nulus tendinosus of the mem- 
brana tympani; h. Processus 
brevis; u. Umbo; t. Chorda 
tympani; I, Ligament, mall, 
sup. ; e, Ligament, mallei ext . ; 
s, Membrana flaccida (Shrap- 
nelli); ae, External attic; F, 
Prussak's space, recessus epi- 
tympan.; c. Vascular canal 
between the external attic and 
the osseous meatus. 


by the neck of the malleus, inferiorly by the 
upper surface of the processus brevis (b), 
externally by the pars flaccida Shrapnelli (s), 
and superiorly by the ligamentu'm mallei 
externus (e), and a system of cavities; these 
often extend some distance superiorly, and 
were first described by the, author (Fig. 36) 
{Wien. med. Wochenschr., 16, 1870). This 
membranous framework, also observed by 
Schmiegelow, is formed by a number of 
inconstant folds and bridges of mucous 
membrane, which run from the external 
surfaee of the malleo-incudal body to the 
opposite tympanie wall. The most constant 
of these is the external malleo-incudal fold, 
Avhich often divides the external attic into 
tliree overlying spaces. Prussak’s space 
communicates on the one hand with the 
upper part of the attic, and on the other 
with the posterior tympanic pouch; it opens 
posteriorly into the tympanum by a small, 
round, or slit-like orifice which is hidden by 
the incus. 

Experiments, which the author carried 
out on normal organs of hearing, showed 
that quicksilver, poured into the external 
meatus, sometimes flowed into the posterior, 
seldom into the anterior tj'mpanio pouch 
after an artificial perforation of the pars 
flaccida; this is a proof of the variable 
communications of Prussak’s space with the 
adjoining parts of the tympanic cavity. 
The external attic, the anatomical relations 
of which are made clear in the accompany- 
ing figure (Fig. 38), is occasionally the seat 
of a protracted suppuration, with perfora- 
tion of Shrapnell’s membrane. The height 
of the attic from the Rivinian segment to 
the tegmen tympani varies from 3-6 mm. 
(Klingel, Z.f. 0., 1891). 

(/p) The Intratympanic Muscles 
(musculi ossiculorum auditus). 

1. The Tensor Tympani Muscle. — 
This muscle arises in front of the 
anterior orifice of the semicanal for 
the tensor tympani muscle, on the 
osseous wall of that portion of the 
petrous bone adjacent to the carotid 
canal, and from the cartilaginous 
Eustachian tube. The round tendon 


of this penniform muscle leaves the canal at the 2 F'ocessi(S 
Gochleariforviis ; it then runs straight across the tympanic cavity 
in a direction almost at right angles to its belly (Fig. 39, s), and 
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is inserted at the inner margin of the manubrium at the_ anterior 
edge of its rhomhoidal surface, and in an oblique direction to its 
longitudinal axis. 

The tendon, of the tensor tympani, which can be traced some distance in 
its canal, lies in a sheath in its free course [Toynbee's tensor ligament). 
According to Henle, this sheath is connected to the tendon by considerable 
prolongations of connective tissue. The anterior portion of this muscle is 
sometimes united with the tensor veli palatini, either directly or by fibrous 
tissue (L. Meyer). 

2. The Stapedius Muscle arises from the eminentia pyramidalis 
(Pig. 40, ms). It is pyriform on longitudinal section, and generally 
prismatic, with rounded edges, on transverse section. The fibres, 
springing from the muscular sheath, extend from the floor and 



Era. 39. — ^Vlew of the Tympanic 
CAV irr AFTER Removal of the 
Tegmen Tympani. 


ha, Malleo-incudal articulation; t. Muse, 
tens, tymp.; s. Tendon of the muse, 
tens. tymp. passing across the tym- 
panum; /, Nerv. facialis; g. Genu 
nervi facialis; n, Nerv. petros. superf. 
major; a, Nerv. aousticus; an. An- 
trum mast. From a preparation in 
the author’s collection. (Right ear.) 
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Fig. 40. — ^Posterior Portion of 
THE Inner Tympanic Wall. 


si. Stapes; cs, Capitulum stapedis; ms. 
Muse, stapedius in the cavitas stapedii, 
with its tendon inserted at the capi- 
tulum; p, Promontory; /, Nervus 
facialis; v, Vestibule laid open. From 
a preparation in the author's collection. 
(Right ear.) 


lateral walls of the cavity, uptvards and towards the middle of 
the muscle, and merge into a tendon, the tissue of which can 
often be traced inferiorly, beyond the middle of the muscle. This 
delicate tendon passes into the tympanum through an aperture at 
the apex of the eminentia pyramidalis, and is inserted at the 
head of the stapes. The outermost fibres of the tendon (Mg. 32) 
proceed to the capsular ligament and the ossiculum lenticulare. 
According to Zuckerkandl, adipose tissue is found between the 
muscle fibres of the tensor and the stapedius. Eeinitz (A. /. 0., 
vol. Ixx.) found in the muscle so-called ‘ muscle-spindles,’ which, 
according to physiologists, is the organ of muscular sense. 

3 
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A direct communication exists in the new-born between the inferior part 
of the eminentia stapedii and the Fallopian canal; in the adult, one or more 
long fissures are often found between the two. The nerve of the stapedius 
arises from the facial and passes either through one of these fissures, or 
through a separate small aperture to the muscle. 

The difference of opinion Avhether the motor elements of the nerve to 
the tensor tympani, arising from the otic ganglion of Arnold, belong to 
the -facial (Longet) or to the trigeminus (Luschka), induced the author 
to investigate the matter experimentally in Professor Ludwig’s laboratory.* 

In these experiments, which were carried out on recently killed dogs, the 
intratympanic muscles were made to contract by electrical stimulation of 
the cranial nerve roots and showed the following: 

1. That the tensor tympani is supplied by the motor portion of the fifth 
cranial nerve. 

2. That the central fibres of the stapedius are supplied by the seventh 
cranial nerve. 


(?) The Lining of the Tympanic Cavity. 

The lining membrane of the tympanic cavity in the adult 
appears as a thin transparent pellicle; it is intimately connected 
with some parts of the osseous walls, especially the inferior and 
superior, while on other parts, for example the promontory, it is 
more easily detached. This membrane shows a great similarity 
to the mucous membrane of the accessory sinuses of the nose. 
The epithelium of the mucous membrane in the inferior portion of 
the tympanum is of the ciliated cylindrical variety, and gradually 
passes into the ciliated squamous variety in the superior part of 
this cavity. 

The connective tissue stratum of this mucous membrane 
(Fig. 41), in which bloodvessels, lymphatics and nerves ramify, 
is composed of two layers, the inferior of which must be con- 
sidered as the periosteum of the osseous wall. The author found 
{Arch. j. 0., vol. V.), especially on the ridgy inferior and anterior 
walls, networks of fibres in the superior layer of this stratum 
similar to the framework of the membrana tympani. 

The lining membrane of the tympanic cavity is a direct continuation of the 
mucous membrane of the pharynx and of the Eustachian tube, and cannot, 
therefore, be considered a serous membrane. According to the investigations 
of the author, there is sometimes found a variable amount of glandular 
elements only in the anterior part of the tympanic cavity in the region of the 
tube. These are entirely lacking in the posterior part of the tympanum, and 
in the lining membrane of the mastoid cells, t This anatomical condition was 
confirmed by Manasse. 

The following vascular mucous membrane folds, between the ossicles and 
the tympanic walls, are to be noticed: the inconstant lateral, malleo-incudal 
fold, running from the incus to the inner tympanic waU; a vertical fold 
stretching from the external surface of the malleo-incudal body to the external 
attic wall, through which the upper part of the external attic is divided into 

* Compare the complete account of these experiments given in the reports 
of the Wiener Academic der Wisscnscliajten, March 14, 1861. 

■f Ganfrini [Anat., Auz,, vol. xxvi.), formd in some mammals deposits in 
the mucous membrane which resembled glands. 
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an anterior and posterior compartment; another fold, from the crista trans- 
versa to the tendon of the tensor, and a duplicature extending from this to 
.the anterior tympanic pouch; tlie stapes fold, which runs between its crura 
(membrana obturatoria stapedis), and also between the posterior crus and 
tendon of the stapedius; and finally an inconstant membranous framework, 
which, as the author was the first to prove, extends from the malleo-incudal 
body and external attic to the mastoid antrum. Purulent inflammations of 
the external attic may therefore extend to the mastoid antrum by means of 
this fi'amework, and vice versa, from the latter to the attic and Prussak’s 
space. 

The author found, besides the above-mentioned folds of mucous membrane, 
a number of inconstant connective tissue prolongations, which were formerly 
considered as pathological products, but whiclx he was the first to show were 
the residuum of the gelatinous connective tissue filling the middle ear in the 
foetal state {BeleucMungsbilder des Trommelfells, 1865). One often finds 



d / d 

. Fig. 41. — Sectiok of the Lining Membkane of the Ihneb Wall of 

THE TySIFANIC CaXHTY. 

a, Epithelium; b, Section of a bloodvessel in the stratum of connective tissue, from 
which a branch penetrates into the funnel-shaped depressions of the bone ; c. Blood- 
vessel on the surface, penetrating into the bone; d, d. Osseous wall; e; e. Funnel- 
shaped depressions in the bone, into which the stratum of connective tissue of the 
lining membrane penetrates ; /, Section of a large nerve trunk in the stratum of 
connective tissue of the lining membrane. (Decalcified and prepared with osmic 
acid.) 

such bridges and bands between the membrana tympani and inner tympanic 
wall, and also between the manubrium, long process of the incus and stapes. 
String or band-like connections are almost always present between the crura 
of the stapes and the walls of the pelvis ovalis. In inflammatory processes, 
these favour the formation of adhesions in the neighbourhood of the crura 
The author discovered with the aid of the microscope peculiar formations 
upon these connective tissue structures, the existence of which was formerly 
unknoxvn. These (Fig. 42) most often appear oval, sometimes constricted in 
one or more places, pjniform and at times triangular; sometimes both forms 
are combined in one specimen. These small bodies, covered with epithelium, 
show macroscopically, as well as in section, a stratified fibrous structure 
running parallel to the external contour; small spindle-shaped bodies are 
found between these layers. 

A fibrous stalk of varying size, arising with a broad base from the mem- 
branous support, enters the rounded extremity of this body and passes 
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through, it; it theu issues from its other extremity and is inserted into a 
membrane or an opposite-lying wall. Sometimes a stalk traverses several of 
these bodies or divides into two upon emerging. The size of these bodies 
varies from 0-1-0-9 mm. and upwards. The author found these bodies 
most frequently in the posterior portion of the tympanic cavity, in the 
antrum, in the superior tympanic space, on the membrana tympani, in 
Pmssak’s space and in the fossula fenestrse vestibuli. These bodies, dis- 
covered by the author {Wien. med. Wochenschr., November 20, 1863), were 
later substantiated by Kessel and others. 

The mucous membrane of the tympanum in the new-born is remarkable 
for its vascularity and for the great thickness of its tissue (Brunner). 
Densely-packed papiUse are often found on smooth portions of the adult 
tympanic cavity, as, for example, on the promontory, and are similar in 
structure to those found on the membrana tympani (p. 19). Moos and 
the author found vascular papUlie and villi in the mucous membrane of 
the tympanum, which were covered with cylindrical epithelium. The great 
tumefaction and vascularity are in accordance with the evolutional processes 
which take place in the middle ear of the foetus and after birth. The foetal 
tympanic cavity is filled with a gelatinous mass which, on microscopic 
examination, presents the character of undeveloped coimective tissue with 
spindle-shaped cells in a structureless, gelatinous, fundamental substance. 



IhG, 42 . — Oval Body in the JIiddle Ear. 

a, Entrance of the stalk; h. Exit of the stalk; c, Constricted part of the body. 

This tissue is called by v. Troltsch the mucous membranous pad of the laby- 
rinthine wall, and frequently shows the process of resorption and degenera- 
tion even before birth. A rapid absorption of this pad ensues after birth 
owing to the entrance of air into the tympanic cavity. A pus-like mass is 
very often found completely filling the tympanum of the new-born. The 
statement that in aU such cases there was a former middle-ear suppurative 
inflammation (v, Troltsch) has never been positively established. The fre- 
quent appearance of microbes in this fluid cannot be considered a proof of 
such an inflammation, inasmuch as the investigations of Chwostek have 
shown that after death a rapid invasion of micro-organisms into the cavities 
of the body and into the tissues takes place. The opinion which the author 
advanced, that in most of these cases it was a degenerative process and not a 
purulent inflammation, was confirmed by the bacteriological investigations of 
Gradenigo and Penzos {Z.f. 0., vol. xxi., p. 298). 

(m) The Vessels and Nerves of the Tympanic Cavity. 

The arteries of the tympanum arise from the various arteries in its neigh- 
bourhood. The anterior and middle parts are supplied (1) by the tympanic 
branch of the internal maxillary, which enters through the fissura tympano- 
squamosa; (2) by the ascending pharyngeal, a branch or the external carotid: 
it penetrates the floor of the tympanum, runs over the promontory to the 
tegmen and anastomoses with the middle meningeal; (3) by branches of the 
middle meningeal, which enter through the hiatus canalis Fallopii and the 
fissura petro-squamosa; (4) by the internal carotid, which sends several 
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small branches of the ramus carotico-tympanicus through small orifices 
in the walls of the carotid canal. The stylo-mastoid artery, which enters the 
Tallopian canal, supplies the neurilemma of the facial nerve, the stapedius 
muscle, and also sends small branches to the lining membrane of the 
tympanic cavity and mastoid cells; it anastomoses with the middle meningeal 
through the superior aperture of the aqueduct of Fallopius. Lewin (A. f. 0., 
vol. 1^.) describes a case in which, in an adult, the stapedius artery was 
persistent. 

The veins of the cavum tympani empty into those of the external meatus 
by means of numerous anastomotic branches which perforate the membrana 
tympani; into the venous plexus (Rektorzik, Heike), which surrounds the 
internal carotid in its canal; into those of the dura mater through the fissura 
petro-squamosa, and finally into the venous plexus surrounding the maxillary 
joint. The veins of the linuig membrane are very tortuous, and show con- 
siderable pouch-like dilatations hero and there. 

In regard to the relation of the bloodvessels of the mucous membrane to 
the osseous walls of the tjmipanic cavity, the author showed anatomically 
that vascular connections exist between the middle ear and the labyrinth 
through the inner tympanic wall.* The author found in microscopic sections 
of the promontory that the bloodvessels of the mucous membrane of the 
middle ear are accompanied by largo connective tissue prolongations; the 
latter penetrate the funnel-shaped canals of the bone (Fig. 41, e, e), and 
enter into commimication with the bloodvessels of the osseous wall, by mean's 
of which they come into direct union with the vessels of the lining membrane 
of the labyrinth. These specimens had been treated with osmic acid and 
decalcified. The points of entrance of the vessels into the bone are recogniz- 
, able with the naked eye as black dots on the surface. This relation, confirmed 
by Manasse and Shambough, of the tympanic mucous membrane to the 
osseous wall is of special importance, inasmuch as inflammations of ,this 
membrane can produce transitory or permanent hyperaemia, and disturbances 
of nutrition in the bone and in the labyrinth. 

According to our present knowledge, little is known of the lymphatics 
of the cavum tympani. 

The nerves of the lining membrane arise from the sensory fibres of the 
trigeminus, the sympathetic and the glosso-pharyngeal. The tympanic 
branch, which arises from the latter, is the most highly developed of aU the 
nerves of the tympanum. It passes from the fossa jugularis through an 
opening in the inferior tympanic wall, and extending upwards in a groove on 
the promontory, anastomoses with the small superficial petrosal nerve. 
This is known as Jacobson’s nerve, and contains isolated ganglion cells 
which have been demonstrated by the investigations of Pappenheim, Kolfiker, 
and Krause.f W. Krause traced a rather large branch arising from the 
plexus tympanicus, which ran to the cartilaginous Eustachian tube. The 
author has repeatedly seen such a branch arise directly from Jacobson’s 
nerve.J 

The sympathetic nerves of the lining membrane of the middle ear arise 
from the sympathetic plexus accompanying the carotid artery. Several 
small branches of this plexus enter the tympanic cavity through orifices in 
the canal, as the nervi carotico-tympanici. These, in conjunction with the 
small branches of Jacobson’s nerve and the small superficial petrosal nerve 
(rising from the trigeminus), form the tympanic plexus in the anterior por- 
tion of the tympanic cavity. Smaller nerve branches arise from the plexus, 
which supply the entire lining membrane of the middle ear, and in which 

* TJeber Anastomosen zwischen den Gefdssbezirken des Mittdolirs und 
des Labyrinths, A. f. 0., vol. ix. 
t Zeitschr. fiir rat. Medizin, 1866. 

t Cp. Bischoff jim., Mihroshopische Analyse der Anastomosen der 
Kopfnerven. Miinchen, 1865. 
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one finds, in the region of the fenestra ovalis, clusters of ganglion cells. 
Besides the latter, there is a delicate, ramifying network of nerve-fibres 
which spreads partly above and partly below the vessels, and forms ganglionic 
swellings where several fibres meet. 


2. The’ Eustachian Tube (tuba auditiva). 

The Eustachian tube, which connects the tympanic cavity with 
the pharynx, brings about an interchange of air between the 
external atmosphere and the tympanum, and is composed of an 
osseous and membrano-cartilaginous part. The axis of the canal 



Big. 43. — Eustachian Tube and Ty^ipanic Cavity. 

a, Membrana tympani; b. Head of the malleus; c, Lower end of the handle of the 
malleus; d, Body of the ineus; e. Short process of the incus;/, Tensor tympani; 
g, Ostium pharyngeum tubte; h. Isthmus tuhaj; i. Ostium tympanicum tubje. 
(Right ear.) 

assumes, according to Henle, an almost diagonal position to the 
horizontal between the transverse and sagittal planes. Its axis 
forms an angle of 135° with the transverse axis of the auditory 
canal, and an angle of 40° with the horizontal. Its tympanic ■ 
orifice is about 2-5 cm. higher than its pharyngeal opening. 

The length of the canal measures 34-36 mm., of which the carti- 
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laginous portion forms nearly two-thirds. _ The very narro\y, 
slit-like part, the so-called isthmus iuhcB, situated in the carti- 
laginous section in front of its point of union with the osseous 
portion, measures, according to the corrosive specimens of 
Bezold, ,3 mm. in height and not more than J mm. in width. 
Its distance from the pharyngeal orifice averages 24r-26 mm. 


1. The Osseous Portion of the Eustachian Tube (pars 
ossea tubas auditivae). 

The lateral osseous portion of the tube is a prolongation of 
the anterior portion of the tympanic cavity directed medially; 
it is bounded above by the tegmen tympani and the canal for 
the tensor tympani, below and medially by the carotid canal. 



Fig. 44 . — Sagittal Section through the Entire Middle Ear of an 

Adult (Inner Hale). 

op, Ost. pliaryng. tubse; le, Canalis tub® audit.; of, Ost. tymp. tub®; tp, Muse- 
tens, tymp.; p, Promontory mtb the nervus tympanicus; m, Inferior wall of the 
tympanic cavity; st. Stapes; sp. Muse, stapedius;/. Facial nerve; an, Antrum 
mastoid; w, w'. Mastoid cells. From a preparation in the author’s collection. 
(Left ear.) 


The boimdary between the tube and the tympanum is not sharply 
defined, as the superior and lateral walls of the latter merge 
without interruption into the former. The boundary is more 
sharply defined inferiorly where the obliquely rising anterior wall 
of the tympanum curves towards the inferior wall of the osseous 
tube (Figs. 43 and 44, ot). The tympanic orifice of the Eustachian 
tube lies above this place at the level of the upper third of the tym- 
panum; it is irregularly defined and inconstant in size, the height 
of which measures 4-5 mm., the breadth 3-3 mm. The lumen 
of the osseous canal — the diameter of which, according to Henle, 
is about 2 mm. — diminishes slightly at its place of union with the 
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one finds, in the region of the fenestra ovalis, clusters of ganglion cells. 
Besides the latter, there is a delicate, ramifying network of nerve-fibres 
which spreads partly above and partly below the vessels, and forms ganghonic 
swellings Avhere several fibres meet. 


2. The' Eustachian Tube (tuba auditiva). 

The Eustachian tube, which connects the tympanic cavity with 
the pharynx, brings about an interchange of air between the 
external atmosphere and the tympanum, and is composed of an 
osseous and membrano-cartilaginous part. The axis of the canal 



Fig. 43. — Eustachian Tube and Tvmpanic Cawty. 

a, Membrana tympani; h, Head of the malleus; c. Lower end of tlie handle of the 
malleus; tZ, Body of the incus; e. Short process of the incus; /, Tensor tympani; 
g. Ostium pharyngeum tubaj; h. Isthmus tuba3; i, Ostium tjnnpanicum tubse. 
(Right ear.) 

I 

assumes, according to Henle, an almost diagonal position to the 
horizontal between the transverse and sagittal planes. Its axis 
forms an angle of 135° with the transverse axis of the auditory 
canal, and an angle of 40° with the horizontal. Its tympanic 
orifice is about 2-5 cm. higher than its pharyngeal opening. 

The length of the canal measures 84-36 mm., of which the carti- 
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laginous portion forms nearly two-thirds. The very narrow, 
slit-like part, the so-called isthmus tubcB, situated in the carti- 
laginous section in front of its point of union with the osseous 
portion, measures, according to the corrosive specimens of 
Bezold, 3 mm . in height and not more than J mm. in width. 
Its distance from the pharyngeal orifice averages 24-26 mm. 

1. The Osseous Portion of the Eustachian Tube (pars 
ossea tubas auditivae). 

The lateral osseous portion of the tube is a prolongation of 
the anterior portion of the tympanic cavity directed medially; 
it is bounded above by the tegmen tympani and the canal for 
the tensor tympani, below and medially by the carotid canal. 



Fig. 44. — Sagittal Sectton thbough the Entire Middle Ear oe an 

Adult (Inner Hale). 

op, Ost. pharyng. tubae; te, Canalis tubae audit.; ot, Ost. tymp. tubee; ip, Muse, 
tens, tymp.; p. Promontory with the nervus tympanicus; u. Inferior wall of the 
tympanic cavity; si. Stapes; sp. Muse, stapedius; f. Facial nerve; an. Antrum 
mastoid; w, w'. Mastoid cells. Prom a preparation in the author’s collection. 
(Left ear.) 


The boundary between the tube and the tympanum is not sharply 
defined, as the superior and lateral walls of the latter merge 
without interruption into the former. The boundary is more 
sharply defined inferiorly where the obliquely rising anterior wall 
of the tympanum curves towards the inferior wall of the osseous 
tube (Kgs. 43 and 44, ot). The tympanic orifice of the Eustachian 
tube lies above this place at the level of the upper third of the tym- 
panum; it is irregularly defined and inconstant in size, the height 
of which measures 4-5 mm., the breadth 3-3 mm. The lumen 
of the osseous canal — the diameter of which, according to Henle, 
is about 2 mm. — diminishes slightly at its place of union with the 
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cartilaginous portion; in transverse sections it shows an irregular 
triangular contour, brought about by angular projections 
(L. Meyer*). 

2. The Cartilaginous Portion of the Eustachian Tube 
(cartilage tubae auditivas). 

The cartilaginous, medial part of the tube is attached to the 
rough, irregular, oblique margin of the anterior extremity of the 
osseous portion; it reaches further up laterally than medially, 
because the lateral wall of the osseous portion is shorter than 
the medial wall. The cartilaginous tube is not, however, car- 
tilaginous in its whole circumference, but is partly made up of 
a membrane which completes the groove-shaped cartilage into a 
canal. 

The cartilaginous plate, turned in at its superior margin, 
forms, near its insertion into the osseous part, a narrow groove, 
the anterior external wall of which is broader than the posterior 
internal; further down, however, a few millimetres from the 
osseous tube {at the spina angularis, Henle), the posterior wall, 
directed more superiorly, increases rapidly in height; the anterior 
wall, directed more inferiorly, which is the upper margin of the 
cartilaginous plate, forms a narrow, turned-in strip (Fig. 45, Z>), 
which roofs over the tube in its entire length. The cartilaginous 
tube is about 25 mm. in length, and has the appearance of a tri- 
angle, the apex of which is at the osseous tube, while the base is 
prominent as a rounded swelling on the lateral pharyngeal wall. 
That portion of the cartilage near the osseous tube is attached to 
the basilar fibro-cartilage, and is less movable than the inferior 
broad portion, which stands away from the base of the skull. 
The cartilage itself is composed of the hyaline variety superficially 
and has a fibrous base in its deeper layers ; it frequently shows a 
number of irregular fissures and clefts, and sometimes disruptions 
into several pieces. Moos and Zuckerkandl describe several 
accessory cartilages of the fibrous variety in the region of the 
cartilagino-membranous portion. 

The length of the Eustachian tube in the new-born measures 18-20 mm. 
of which 8^-9 mm. belong to the osseous and 11-12 mm. to the cartilagino- 
membranous portion. Its tympanic orifice is comparatively large, and lies 
somewhat lower than in the adult; on the other hand, the pharyngeal 
orifice, also lying comparatively deeper, appears nearer the choanas and floor 
of the nose. The orifice is indicated only by a sHghtly curved fissure, and its 
posterior lip forms a hardly noticeable projection on the lateral wall of the 
pharynx. The tube in the new-born is also comparatively shorter and wider; 
.this condition is of practical importance, in so far as obstructions in it caused 
by swelling of the mucous membrane may be more easily removed by an 
Nation of air. 


* Cp. A. Politzer, Die anatom, und Mstolog. Zergliedening des mensch- 
lichen Oehororgans, p. 43. 
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The relation, of the membranous portion to the cartilaginous plate is most 
clearly shown by sections cut at right angles to its long axis. In such 
sections (Fig. 45) we see the medial cartilaginous plate {a) turned in at its 
superior part in the shape of a hook (6). The membranous portion of the 
tube commences at the rounded end of this hook; it is delicate and thin near 
the cartilage, increasing, however, in thickness inferiorly, and is surrounded 
nearly in its whole extent by a stratum rich in glands as well as by strongly 
developed adipose tissue; the latter varies in different individuals (Ostmann). 
The membranous portion which merges below into the salpingo-pharyngeal 
fascia forms, according to v. Troltsch, the smaller part of the circumference 
of the tube; it also forms, in con]‘unction with the cartilaginous hook, the 
lateral anterior wall of the cartilagino-membranous tube (i) as well as its 
base (d). The portion near the pharyngeal orifice is much thiimer than that 
near the osseous tube, where it receives fibrous tissue from the spina angularis 
of the sphenoid, and maintains a certain thickness and resistance through 
the insertion of a small piece of cartilage (Zuckerkandl). 



Fig. 45. — TkAj^svekse Section of the Caetilaqinous Eustachian Tube, 

WITH ITS S-SHAPED CLEFT. 

a, Central cartilagiuous plate ; b. Cartilaginous hook ; c. Space below the cartilaginous 
hook; d. Base of the Eustachian tube; e, e'. Folds of mucous membrane;/, Cylin- 
dricai epithelium; g, Muse, tensor palat. mollis; h, Muse, levator palat. mollis. 

Through the hook-like twist of the cartilage at the upper margin of the 
cartilaginous plate a space is formed which varies in size in different parts of 
the tube. Near the osseous portion the walls of this space do not come into 
contact. The medial and lateral walls of the tube are, however, in close 
contact in its middle portion, and only at the pharyngeal orifice do they 
again stand somewhat apart.* 

The mucous membrane of the membranous tube has many folds in its 
lower portion. According to Moos, these folds form a bulging immediately 
behind the ostium pharyngeum, through which the tube is closed when at 
rest. The folds become more numerous in the superior portion of the tube. 

* Op. V. Troltsch, Arch. f. Ohrenheilk., vol. ii., and Moos, Arch. f. 
Augen. tind Ohrenheilk., vol. i. * 
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Lining of the Eustachian Tube. — ^Tlie walls of the Eustachian tube 
are covered by a glandular mucous membrane with a ciliated cylindrical 
epithelium. The lining membrane of the osseous tube is smooth, and closely 
united with the periosteum. The mucous membrane of the cartilaginous 
plate is very strongly developed on the medial wall, and a great number of 
acinous glands discharge on its surface (Eig. 45, i, e). These glands extend 
nearly to the perichondrium, but sometimes can be traced, especially near 
the pharyngeal orifice, through the inconstant fissures in the cartilage into 
the surrounding connective tissue. The glands are most numerous near the 
pharyngeal orifice, and are less abundant in the osseous portion near the 
tympanic cavity; they are entirely lacking in the mucous membrane imme- 
(fiately below the so-called hook. Gerlach found lymphoid tissue in the mucous 
membrane of the cartilaginous portion of the Eustachian tube of the child 
{Gerlach' s Tubentonsille). Anton* was able to trace this tissue not only as 
far as the tympanic orifice of the tube, but into the tympanic cavity. 

Muscles of the Eustachian Tube. — ^The lumen of the Eustachian 
tube, the walls of which are more or loss in contact, is opened principally by 
the levator and tensor palati muscles, which extend from the Eustachian tube 
to the soft palate. 

The levator veli palatini {pelro-salpingo-slaphi/linus, Eig. 46, 1) arises 
from the inferior surface of the petrous bone bordering on the carotid canal. 
Its rounded belly runs parallel to the Eustachian tube, is closely applied 
to the membranous portion (Eig. 46, 1), which forms the floor of the tube, 
and is inserted in a radiating manner into the soft palate below its pharyngeal 
orifice. None of its fibres arise from the Eustachian tube, as was formerly 
believed, but the muscle is attached to it only by a small amount of connec- 
tive tissue. The action of this muscle is not confined to the velum palati 
alone, but it also raises the floor of the Eustachian tube through shortening 
and swelling of its fibres; this causes the pharyngeal orifice to become smaller, 
and the resistance in the tube to become lessened, owing to the widening of 
its lumen. 

The tensor veli palatini (spheno-salpingo-slaphylinus s. circimflexus 
palati), called by Tortualf and v. Troltsch the abductor or dilator tubse 
(Eig, 46, t, t) arises from the inferior surface of the sphenoid bone and the 
inner plate of the pterygoid process; a great number of its fibres also arise 
from the short, hook-like, lateral, cartilaginous wall (Eig. 45, g), and from the 
membranous part of the cartilaginous tube. In its do-wnward course its flat 
belly lies close to the lateral wall of the membranous tube, and is rather 
firmly attached to it. The direction of its fibres forms an acute angle with 
the cartfiaginous portion of the tube, and its tendon, winding around the 
hamulus pterygoideus, radiates into the fibrous prolongation of the hard 
palate (Henle). The tendon of the muscle is so tightly attached to the 
hamular process that the effect of its contraction is greater on the Eustachian 
tube than on the soft palate. By the contraction of this muscle the carti- 
laginous hook is slightly unfolded, the membranous is lifted from the carti- 
laginous portion, and the lumen of the tube is opened. We must still mention 
another muscle, the salpingo-pharyngeus, wliich extends from the palato- 
pharyngeus to the prominence behind the ostium pharyngeura. 

There are three fascise connected with the above-mentioned muscles; these 
play an important part in the opening of the tube, and are partially inserted 
into it. They are the following: the salpingo-pharyngcal fascia, which 
extends from the tube to the hamulus pterygoideus, and separates the tensor 
from the levator muscle; the external fascia of the tensor; and, lastly, that 
fascia connected with the ligamentum salpingo-pharyngeuin, and lymg on the 
medial surface of the levator muscle. 


* Zeitschrift fiir Heilk., vol. xxii. 

t Politzer, OeScliichte der Ohrenheilhmde, vol. i., p. 372. 
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The arteries of the Eustachian tube arise from the ascending pharyngeal* 
the middle meningeal, and the internal maxillary. The veins communicate 
with those of the cavum tympani and naso-pharjmx, and form a plexus which 
anastomoses with .the cavernous sinus (Zuckerkandl) ; if this plexus becomes 
overfilled with blood, it can effect an important change in the lumen of the 
canal. 



Fig. 46. — ^Eustachian Tube with its Muscles (Natural Size). 

k. Cartilaginous plate of the Eustachian tube; m. Lamina membranacea of the 
Eustachian tube; os, Ostium pharyngeum tub®; ch, Choana; I, Musculus levator 
palati mollis; V, Radiation of the levator in the velum palati; h, Hamulus ptery- 
goideus; t, t, Musculus tensor palati mollis winding round the hamulus, From 
a preparation in the author’s collection. (Right^ide ) 


3. The Mastoid Process (processus mastoideus). 

The mastoid process forms the posterior part of the middle ear. 
The first suggestion of such a process in the new-born presents 
itself as a small tubercle behind the upper part of the annulus 
tympanicus, which, in the first years of life, enlarges downwards, 
partly by its own growth, and partly by traction of the muscles. 



-44 


DISEASES OF THE EAR 


The mastoid process assumes its adult form only in the third year 
of life (Zuckerkandl). 

The squamo-mastoid suture lies between the anterior surface 
of the tuherculum mastoideum and the posterior portion of the 
pars squamosa, and forms the external wall of the tympanic 
antrum in the new-born. This was already described by Du 
Vemey, and generally disappears during the first years of life, 
although it may persist in the adult as a jagged, deep furrow on 
the external surface of the mastoid process. 

The tympanic antrum is the only pneumatic space present in 
the temporal bone in the new-born. It is a long cavity, situated 
behind the tympanum, and is not only relatively but absolutely 
larger than in the adult. Its length is 9-10 mm., and its breadth 
and height 6-7 mm. (Gomperz). According to Zuckerkandl, the 
development of the cell-spaces in the mastoid proceeds in the 



following manner: the cellular proliferation begins at the posterior 
superior periphery of the antrum, it then advances towards the 
transverse sinus, and finally towards the external lamella. 

The fully developed mastoid is divided into two parts: (1) The 
horizontal part, or antrum tympanicum, which is a large, extensive, 
irregular space situated below the tegmen of the mastoid, and is 
reached through the triangular orifice in the posterior tympanic 
wall. (2) The vertical part, the cells of which communicate with 
the antrum. 

The size and shape of ‘the mastoid present many variations. In 
some cases it is massively developed, while in others it is reduced to 
a short solid protuberance. We also find considerable differences 
in the internal structure of the mastoid process; this, as the older 
anatomists already knew, is not always composed of pneumatic 
cell-spaces, hut is often formed, either completely or partially, 
of a spongy, fatty, or compact osseous substance (Zoja). 

We therefore differentiate three principal types : the pneumatic, 
the diploetic, and the mixed form, a combination of the two. The 
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pneumatic type is often composed of a large number of irregular 
cell-spaces, penetrating the temporal bone in ail directions, and 
generally covered by a thin, external osseous lamella (Fig. 47). 
In other cases the whole process consists of one or two large cavities, 
or of numerous small cavities in addition to one or more large ones. 


which cause the bony cortex at the apex or on its internal surface 

to stand out like vesicles. Large 
cavities often communicate with the 
antrum only by a narrow canal. 

The pneumatic cell-spaces often extend 
posteriorly to the sutura occipitalis, and 
surround the sinus transversus and emis- 
sarium Santorini; inferiorly to the incisura 
mastoidea, and superiorly and anteriorly 
to the linea temporalis and the root of the 
zygomatic process, thereby completely 
encircling the auditory canal, with the 
exception of its anterior inferior wall. 
They sometimes reach inwards as far as 
the apex of the petrous bone. The pneu- 
matic cells often completely surround the lab 3 rrinth and directly adjoin the 
bulbus venre jugularis, the osseous portion of the Eustachian tube, and the 
posterior part of the carotid canal. 



The diploetic mastoid process shows an entirely different 
appearance on section (Fig. 48). Such a type consists, from its 
apex (Fig. 48, c) to its superior border (h), of small-celled diploe 
and fatty osseous tissue, and only occasionally presents air-cells 



Eig. 49. 


p 



Fig. 50. 


in the vicinity of a small mastoid antrum. The sclerotic mastoid 
process is seldom entirely compact, but contains either very dense 
diploetic tissue or large single cavities. The diploetic and 
sclerotic processes are generally smaller than the pneumatic. 

The third type is partly pneumatic and partly diploetic. One 
finds, however, innumerable varieties, the most frequent of 
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which are those in which the inferior part is diploetic, the superior, 
pneumatic (Fig. 49), or the inferior and posterior part contain 
{d, d') diploe (Fig. 50), while the anterior superior [g, y) has pneu- 
matic cells. 

Tlio pneumatic cells of the mastoid process are lined with a delicate mem- 
brane which contains no glands, and Avhich is a continuation of the raucous 
membrane of the tympanic cavity; it is closely united to the periosteum, and 
has a layer of non-ciliated squamous epithelium. One often finds mem- 
branes of connective tissue and branch-like bands in the antrum, upon which 
the pedunculated bodies lie, which were described on p. 36 (Fig. 42). 

The cells of the mastoid are bounded anteriorly by the posterior 
wall of the osseous meatus (Figs. 51 and 52), and partly by the 
posterior end of the petrous bone and the tympanic cavit 3 ^ The 
external wall {planum masloidenm) is formed by the convex 



Fig. 61. — ^Vertical (Sagittal) Section of 
THE Mastoid Process and the Osseous 
Meatus. 

a, Mastoid colls ; b. Posterior wall of the osseous 
meatus; c. Anterior wall of the osseous meatus. 


a, Anterior wall of the meatus ; 

b. Posterior; c, Cells of the 
mastoid process; d, Meatus; 

c, Membrana tymiiani; /, 
Tympanic cavity; g, Fossa 
sigmoidea. (Right car.) 


osseous plate which can be felt behind the auricle, and which 
varies greatly in extent and thickness (4-10 mm.). Where the 
planum mastoideum passes into the posterior wall of the meatus, 
an inconstant pointed eminence is found on the posterior superior 
periphery of the external auditory orifice, which varies in size, 
and is called the spina supra meatum. According to Mancioli, 
the distance of the spina supra meatum from the apex varies 
between 17 and 34 mm. 

The mastoid process articulates posteriorly with the occipital 
bone, in which cells are occasionally found communicating with 
those of the mastoid (jmeumatic occipital hones, Hyrtl). The 
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superior wall of the mastoid process directed towards the cranial 
cavity is called the legmen mastoideum, and is formed partly hy 
the posterior continuation of the legmen iympani and the inner 
lamella of the horizontal part of the squamous portion of the 
temporal bone. 

The inner boundary of the mastoid process is divided into two 
parts, an inferior^and a superior. The inferior is that part of 
the mastoid lying on the internal side of its conical portion, and 
is grooved, in a sagittal direction, by the incisura mastoidea; this 
is of variable depth, and serves for the insertion of the digastric 
muscle. The osseous wall is frequently as thin as paper at this 
place, and sometimes forms the medial boundary of one large 
pneumatic cell which takes in the entire apex of the mastoid 
process (terminal cell). The superior is traversed by the winding 
course of the lateral sinus, which originates at the torcular 



Fig. 53. — Hokizontal Section through a Pneumatic Mastoid Process. 

g. Posterior wall of the meatus; t, Cavum tympani; a. Mastoid antrum; s, Sigmoid 
sinus; w, w', Seat of operation on the external cortex of the mastoid process. 


Herophili, passes over the inner surface of the mastoid process, 
and arriving at the foramen jugulare, rises with an abrupt curve 
towards the inferior wall of the pars petrosa, where it empties 
into the sinus of the internal jugular vein (jugular bulb). Sup- 
purative inflammations of the mastoid which extend to this wall 
may, therefore, bring about a fatal sinus phlebitis. 

Anomalies in the position of the sigmoid sinus to the mastoid 
process and posterior wall of 'the meatus are of great practical 
importance. Bezold and Hartmann have called attention to the 
fact that when the sigmoid sinus lies far anteriorly and externally, 
there is great possibility of injuring it when opening up the mastoid 
process. The author found in more than 500 temporal bones 
that the sinus is less apt to be injured when the mastoid process 
is strongly developed and entirely filled with pneumatic spaces. 
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In these cases (Fig, 53), there was a broad space between the 
sinus transversus (sigmoideus) and the posterior wall of the meatus 
(g) which enables one to perform the operation for opening up the 
middle ear without danger of wounding the sinus. 

According to the observations of the author, the relations are 
less favourable in the majority of cases in which the mastoid 
process is diploetic or compact. In such cases, the space between 
the sinus and the posterior wall of the meatus is often much 
smaller (Fig. 54), and is occasionally shifted so far anteriorly 
and externally that only a small connecting bridge (Fig. 55) 
exists between it and the posterior wall of the meatus; it is 
obvious, therefore, that in operations on such mastoids’the possi- 
bility of exposing the sinus is almost unavoidable. 



Fig. 54. — Hoeizontal Section 

THROUGH A MaSTOED PROCESS, 
PARTLY DIPLOETTO, PARTLY 

Pneumatic. 

g. Posterior wall of meatus; a, Jlas- 
toid antrum; s. Sigmoid sinus; 
w, w'. Basis for operation. 



Fig. 55. — Horizontal Section 
THROUGH A COJIPACT MaSTOID PRO- 
CESS, containing a Small Amount 
OF Diploe. 

t, Cavum tympani; u. Inferior wall of 
meatus; s, Sigmoid sinus; to, Posterior 
boundary of basis for operation. 


The cells of the mastoi4 are supplied by branches of the middle meningeal 
and stylo-mastoid arteries, and its external surface by the posterior auricular. 
The external veins are connected, partly with the veins of the neck which 
empty into the jugular, and partly with the emissaria Santorini ivhich come 
from the cranial cavity through the pars mastoidea. The veins of the antrum 
and mastoid cells partly anastomose with those of the cavum tympani and 
cortical layer, and partly empty into the emissaria Santorini; others com- 
municate with the sigmoid sinus through small bony canals in the inner wall 
of the mastoid process. Besides these, there is a vascular canal which passes 
from the interior of the mastoid process beneath the superior semicircular 
canal through the fossa subarcuata into the cranial cavity. The veins of 
the diploetic spaces of the mastoid are in direct communication with the 
other veins of the temporal bone, and with the venous sinuses of the cranial 
cavity. The nerves of the antrum and mastoid cells arise from the t 3 unpanic 
plexus, and those of the external surface, from the auricularis magnus. 
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The Topography of the Sound-conducting 

Apparatus. 

1. The Auricle. — ^Its topography is best studied by means of frozen 
horizontal and vertical sections, or on specimens hardened in alcohol. In 
such specimens the greater portion of the cartilage will be seen to stand 
away from the lateral surface of the skull; still, that portion which surrounds 
the external orifice is, to a varying extent, in contact with the squamous and 
mastoid portions of the temporal bone. The middle segment of the concha 
behind the external auditory orifice is attached, to the extent of 1^2 cm., to 
the mastoid process by means of flexible connective tissue. This fact is oi 
importance in so far as this segment of the auricle covers that portion of the 
mastoid where the operative opening of the same is indicated, and by which 
procedure the auricle is partially detached from the mastoid process. That 
portion of the auricle which forms the tragus is contiguous, on its innner 
side, with the cartilaginous meatus and with the external surface of the 
maxillary joint. 

2. The Cartilaginous Meatus. — ^This part of the auditory canal is 
partially covered by the walls of the osseous meatus. The superior wall of 
the osseous meatus roofs over the membranous portion of the auditory 
canal as far as the external auditory orifice, and in a similar manner the 
external portion of the posterior wall formed by the mastoid process extends 
beyond the cartilaginous meatus. One can, therefore, feel the superior and 
posterior walls of the osseous meatus directly behind the external auditory 
orifice by inserting the finger into the cartilaginous canal. Only the external 
portion of the lower and longest wall of the cartilaginous meatus is freely 
palpable, the inner portion being covered by tho parotid gland. The internal 
portion of the anterior cartilaginous wall is contiguous with the posterior 
surface of the capsule of the maxillary joint, the movements of which are 
communicated to this^wall. 

3. The Osseous Meatus. — ^This portion of the auditory canal is 
bounded above by the middle cranial fossa, behind by the cells of the mas- 
toid process, and in front by the maxillary joint; the cavity of this joint lies 
higher than the osseous meatus and extends further externally than its 
anterior wall. 

4. The Membrana Tympani. — ^The knowledge of the topographical 
relation of this membrane to the internal tympanic wall is of great practical 
importance. The importance of this relation becomes evident in judging 
pathological changes in the membrana tympani, and also in performing 
operations upon it and in the tympanic cavity. We divide the external sur- 
face of the membrana tympani into four segments in order to clearly under- 
stand its remion to the internal tympanic wall (Fig. 56). This is accom- 
plished by prolonging a line downwards from the handle of the malleus, and 
intersecting it by a horizontal line tangent to its lower extremity. The points 
of projection, as given by Zuckerkandl,* of the inner tympanic wall to the 
drum membrane apply perfectly to anatomical specimens, but are consider- 
ably modified in practice on account of the inclination of the membrane to 
the horizontal plane.f In the normal position of the head^ in which otological 
examinations are made, we find that: 

1. The anterior superior quadrant of the membrana tympani (a) corre- 
sponds to the anterior superior portion of the inner tympanic wall which 

* Realencyclopidie der med. Wissenschajten. Wien, 1886. Article 
Gehdrorgan. 

t This difference in projection between anatomical aural preparations and 
the ears of tho living is also due to the oblique position of the temporal bone 
when in situ, and also to the position in Mdiich Zuckerkandl held the specimen 
while making his projections.— Translator. 


4 
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borders on the tympanic orifice of the Eustachian tube; a part of the semi- 
canal for the tensor tympani muscle is seldom seen in this quadrant. 

2. The anterior inferior qnadrant (b) corresponds to the anterior inferior 
part of the inner tympanic wall which borders on the ostium tube, and also 
presents a portion of the jagged anterior and inferior walls. 

3. The posterior superior quadrant (c) corresponds to the posterior 
superior part of the inner tympanic wall which presents the incudo-stapedial 
joint above, behind this the eminentia stapedia and the tendon of the 
stapedius, and below this the superior part of the recess or niche of the 
round window (e). 

4. The posterior inferior quadrant (d) corresponds to the posterior inferior 
part of the inner tympanic wall which presents the inferior part of the recess 
of the round window above (e), and below a portion of the jagged inferior 
tympanic wall. 

The above described projection of the inner tympanic waU to the mem- 
brana tympani shows many variations which must be borne in mind, both 

in ocular inspection and in operative 
procedures. The long process of the 
incus, and its articulation with the 
stapes, often lie so low that the greater 
part of the recess of the fenestra ovalis, 
the posterior crus of the stapes, and 
the stapedius tendon are clearly visible. 
One finds, in other cases, the articula- 
tion of the incus and stapes so high 
that it is completely hidden by the 
annulus tympanicus, and cannot be 
seen even if the mombrana tympani is 
completely destroyed. In like manner, 
the recess of the round window may 
often He so low that it appears to be 
situated in the posterior inferior quad- 
rant of the membrane. ' 

The width of the tympanic cavity 
varies considerably in its different parts 
which is due to the normal, funnel- 
shaped retraction of the membrane, 
and to the bulging of the iimer 
tympanic wall. We obtain the clearest 
conception of the topography of the 
tympanic cavity from frontal and hori- 
zontal sections (Eigs. 57 and 68), and from corrosion specimens. The distance 
of the umbo from the promontory is, on the average, 2 mm. The most promi- 
nent part of the promontory corresponds to a point 1—1^ mm. below the umbo; 
this point is about 2J mm. distant from the membrane. The distance of 
the posterior inferior quadrant of the membrane from the inner tympanic 
waU varies, according to Bezold, from 5-7 mm.; the anterior superior 
quadrant, according to the measurements of the author, from 5-6 mm.; and 
the anterior inferior quadrant from 4-5 mm. The distances are less in the 
new-born and during the first years of life. The width of the tympanum at 
the anterior part of the attic varies from 3'5— 4 mm., while on the floor, 
anteriorly, it is 3-3'6 mm.; at the posterior part of the attic it is 6-6 mm., 
while on the floor, posteriorly, it is 5-5-5 mm. The height of the tympanum 
varies from 10—12 mm.; the height of the anterior waU to the ostium tym- 
panicum tubse is 3-5-4 mm. ; that of the posterior waU 8-9 mm. The distance 
from the ostium tympanicum tubae to the posterior wall is 13 mm. (Bezold). 
According to Schoneman,* a marked ■ otation of the petrous portion of the 
temporal bone on its axis causes the posterior cranial fossa to Ue deeper. 



Eig. 56. — Projection of the Inner 
Wall of the Tympanic Cavity 
WITH Respect to the Memrana 
Tympani. 

o. Ant. sup. quadrant of membrana 
tympani; b, Ant. inf. quadrant of 
membrana tympani; c. Post. sup. 
quadrant of membrana tympani; d. 
Post. inf. quadrant of membrana 
tympani; e, Niche or recess of the 
fenestra rotunda. 


* Schldfehein und Schddelbasis. Basel, 1906. 
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5. The Position of the Ossicles. — Their position and relation to the 
walls of the tympanic cavity are shown in Fig. 67. The head of the malleus 
and body of the incus lie in the superior tympanic cavity in a small depression 



Fig. 57. — ^Frontal Section of the External Meatus, Membrana 
Tyiipani, and Tybiranio Cavity. 

a, Cellular spaces in the superior wall of the meatus connected with the middle ear; 
b, Roof of the tympanic cavity; c. Inferior wall; d. Tympanic cavity; e, Mem- 
brana tympani; /, Head of the malleus; g. Handle of the malleus; h, Incus; 
i, Stapes; k, Canalis faciahs; I, Fossa jugularis; m, Glandular orifices in the 
external meatus. (Right ear.) 


h d i 



a c h g 

Fig. 58. — Horizontal Section op the Ear. 


a, Anterior wall of the osseous meatus; h. Its posterior wall; c, Section of the mem- 
brana tympani, of the handle of the malleus, and of the posterior pouch; d, Pro- 
montory; e, Ostium tympanicum tubse;/. Stapes in connection with the inferior 
extremity of the long process of the incus and of the tendon of the stapedius; 
g. Mastoid process; li, Cochlea; i. Vestibule; k. Carotid canal. 

on the outer wall {logette des osselels, Gell6). Their proximity to the superior 
and external tympanic walls facilitates the formation of adhesions between 
the malleo-incudal body and the above-mentioned walls The stapes is placed 
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nearly at right angles to the long axis of the maUeiis and incus, and lies with 
its crura in a recess on the inner tympanic wall; this leads to the fenestra 
ovahs, and may he compared to a short duct-^fossula fenesirce veslihuli, 
pelvis ovalis (Fig. 59). It not infrequently happens that both crura become 
attached to the' inferior wall of the above-mentioned recess, either directly or - 



Fig. 59. — ^Fbontal Section oe the Inner Tympanic Wall through the 
Two Labyrinthine Fenestr.®. 

s, Basis stapedis; ti, Niche or recess of the fenestra ovalis with a portion of the crus 
of the stapes, which has been divided obliquely; o. Upper, u, lower W'all of the 
niche; pr. Section of the promontory with its mucous covering; m, Membrana 
fenestrse tympani secundaria; nr. Niche of the fenestra rotunda; p, Lamina 
spiralis secundaria;/, Section of the facial nerve; v. Vestibule. From a prepara- 
tion in the author’s collection. 


by inconstant folds of mucous membrane. Inflammations of this region, 
therefore, facilitate the ankylosis of the crura with the inferior wall of this 
recess. 

6. The IVIastoid Process. — Its topography has aheady been given on 
p. 43; the position of the Eustachian tube, especiaU 3 '^ its pharyngeal orifice, 
which is important in catheterization, will bo described in the chapter on this 
subject. 
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The Physiology of the Sound-conducting 

Apparatus. 

A. The Auricle. 

It was formerly believed that the different depressions on the anterior surface 
of the auricle played an important part in reflecting the waves of sound. 
We now know that they possess a very small physiological function, inasmuch 
as individuals deprived of their auricles through frost-bite or mechanical 
injury sustain only a slight loss of hearing. 

There can be no doubt, however, that the auricle plays an essential part in 
bringing about a more acute hearing, although not to such an extent in man 
as in some animals. Of all the depressions on the anterior surface of the 
auricle, it is principally the concha which collects a portion of the waves of 
sound and reflects them into the meatus. Schneider has proved that a 
decrease in the power of hearing takes place if this depression is filled with 
wax. In reference to the above, the author experimented on individuals who 
were hard of hearing, because in such persons the hearing distance for con- 
tinuous sound appears to be more sharply defined than in individuals of 
normal hearing. The experiments were carried out as follows: The head of 
the patient having been placed in a fixed position, and the hearing distance 
having been ascertained by a metronome, the instrument was brought 
within the boundary of the hearing distance, whereupon its tick was imme- 
diately lost to the patient when the concha was covered with a stiff piece of 
paper. The external auditory orifice must not be closed during the above 
experiment. No alteration in the hearing distance took place if the other 
depressions were covered. 

The size of the auricle and the angle it forms with the side of the head 
also have an influence upon the reflection of sound into the meatus 
(Buchanan). This will be seen from the fact that persons of normal hearing, 
as well as those hard of hearing, hear more distinctly if the auricle is bent 
forwards, or augmented by the hoUow of the hand.* Although no hardness of 
hearing will result from the loss of the auricle, nevertheless sound wfll not be 
perceived as distinctly and fully as if it were present. 

According to the investigations of the author, the tragus must be considered 
of great importance in the reflection of the waves of sound. It appears as a 
nipple-Uke projection directed backwards in front of and slightly overlapping 
the external orifice of the ear, whereby a considerable space is formed opposite 
the concha. The waves of sound reflected by the auricle (concha) are collected 
in this space, and then thrown into the external orifice of the ear. 

We can convince ourselves of the importance of this space if we modify the 
above-described experiment by filling this recess with cotton steeped in 
liquid vaseline. By this means, the sound of the metronome wfll either be 
heard less intense or not at all. If, on the other hand, the surface of the 
tragus is enlarged backwards, by applying a small firm plate the perception 
for sound wiU be markedly increased. 

It is therefore beyond doubt that the auricle plays an important part in 
reflecting the waves of sound into the external auditory eanal, and thereby 
considerably intensifying our sound perception. 

The muscles inserted into the auricle have, in man, only a slight influence 
upon its position during the act of hearing. On the whole, voluntary move- 
ments of the auricle are rare. The author has rather frequently observed. 


* This was already practised by the Emperor Hadrian. Politzer, 
OcscMchte der Ohrenlieilhtnde, vol. i., p. 28. 
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, however, reflex motions of the auricle while testing the hearing or sjrringing 
the ear, of which the patient knew nothing; these motions were visible in 
different portions, and at times over the whole auricle. 


B. The Conduction of Sound in the External Auditory 

Canal. 

Most of the waves of sound passing through the external auditory canal 
strike the drum membrane directly. It must he borne in mind, however, that, 
owing to the numerous curvatures in the meatus, they are repeatedly reflected 
and shghtly weakened. 

The width of the meatus has only a slight influence on the intensity of 
sound perception. We can convince ourselves of this fact if we first take the 
hearing distance for the ticking watch, and then insert a wax ball into the 
middle of the auditory canal, so as to reduce its lumen to a small fissure. 
Trom this experiment it will be seen that the hearing distance is only slightly 
altered and the sound of the tick hardly diminished. 


C. The Propagation of Sound through the Membrana 
Tympani and the Ossicles. 

The membrana tympani, like artificial membranes which have 
a fixed tension, possesses the property of transmitting tones of 
the most varied vibrations; these tones are uniformly perceived, 
not only if they strike the membrane in succession, but also 
simultaneously. It must not be looked upon, however, as an 
elastic membrane, but is, from the anatomical arrangement of its 
fibres, a stiff, slightly elastic structure. This property is of im- 
portance, as it prevents over-vibrations which would impair the 
distinctness of perception. According to experimental research, 
the membrana tympani possesses its own tone (e''''); it can 
vibrate independently, but only to a slight extent, on account of 
the stiffness of its fibres. 

The normal, fuimel-shaped retraction of the membrane, 
produced by the tension of the manubrium, exercises an im- 
portant influence upon its vibratory function. Helmholtz* has 
proved by experiment that the power of resonance of curved 
membranes is far greater than that of flat ones. He conducted 
the tones of a stretched string by means of a wooden pin to a 
curved membrane stretched across a glass cylinder, and found 
that the resonance of this membrane extended over a large part 
of the scale, and that in deep and high tones, which were pro- 
duced by lengthening or shortening the string, a curved mem- 
brane was thrown into more intense vibrations than a flat one. 
Mach and Kesself found that the excursions of the posterior 
segment of the membrane were considerably greater than its 
other parts, and also that the vibrations of the membrane, during 

* Die Mechanih der GeJiorknochelcJien und des Trommelfells. Pfliiger's 
Arch.., vol. i. 

f Beitrdge zur Topographie nnd Meclianik des Mittelohrs. Wiener 
Acad. Sitznngslerichte, April, 1874. 
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the phase of condensation, travel in a circular manner from the 
periphery to the centre, while in the phase of rarefaction they 
travel from the umbo to the periphery. 

While the membrane is drawn inwards in a funnel-shaped 
manner, it is, at the same time, bulged towards the external 
auditory canal from the umbo to the periphery. The radiating 
fibres extending from the periphery to the handle of the 
malleus represent a system of stretched strings,* * * § to which 
the manubrium is attached as a movable bridge. According to 
Helmholtz, the radiating fibres, on account of their external 
bow-shaped curvature, offer a favourable point of contact to the 
waves of sound. The investigations of the author f regarding 
this showed, however, that the strength and transmission of 
sound were just as intense, whether the membrane was concave 
or convex towards the direction of the sound. Helmholtz has 
further demonstrated that a slight motion of the extremity of 
the manubrium takes place in proportion to a relatively great 
excursion of the membrane, and vice versa. The inclination of 
the drum membrane to the axis of the meatus does not weaken 
to any important degree the force of the waves of sound which 
strike it. 

Transmission of Sound from the Membrana Tympani to the 
Labyrinth. — ^The vibrations of the membrana tympani are partly trans- 
mitted to the labyrinth through the ossicles by means of the foot-plate of the 
stapes, and partly through the air of the tympanic cavity to the membrane of 
the fenestra rotunda. While Pascal, Sapolini and Seechi, and at a more 
recent date Kleinschmidt and Zimmermann, claimed that the waves of sound 
were conducted principally by the column of air from the drum to the round 
window, we must now consider, on the bases of physiological experiments 
and pathological findings, that the ossicular chain is the principal means by 
which sound reaches the labyrinth. The ossicular chain is looked upon by 
these authors more as an apparatus to tone down the force of the waves of 
sound — an apparatus of accommodation. This theory, Avhich, according to 
the author’s experiments, was shown to be unsound, was regarded in a similar 
light by Eschweilerf and Nuvoli,§ and also by MaderJ and Exner.^ The 
latter authors eondemned the above theory on the interesting experiments 
based on the microphonic observation of the vibrating ossicles. 

The ossicles form a system of sensitive levers, by which the vibrations of 
the membrana tympani are transmitted to the labyrinth. 

By means of a series of experiments conducted by the author in the year 
1861 {A. f. 0., vol. i.), it was shown that the ossicles vibrated as whole 
bodies with extensive amplitudes due to the waves of sound acting upon 
the drum membrane. 


* This statement was first made by the author and corroborated by Pick, 

t Zur 'pTiysiolog. Acustik und deren Anivendting mif die Pathologic des 
Gehororgans {A. f. 0., vol. vi.). 

t Archiv fiir Ohren., vol. Iv. 

§ Archivo italiano di Otologia, vols. x. and xiii., and Pliisiologia del udito 
(Roma, 1907). 

11 Sitzungshericht d. Ahad. d. Wissenschajt in Vienna, vol. cix. 

Wien. klin. Woch., 1900. 



56 


DISEASES OF THE EAR 


The proportional amount of vibration of the ossicles depends 
principally on the mechanism of their joints. In 1862 -the 
author discovered (Wiener med. Woclienscfir., Nos. 13 and 14) 
that when the air was condensed in the tympanic cavity, a con- 
siderable outward excursion of the membrana tympani with 
the handle of the malleus took place, and a distinct motion of 
the articular surfaces of the malleus and incus was visible, 
while the excursions of the long process of the incus were 
very trifling. In this experiment, we gee the mechanism of. 
the malleo-incudal articulation, which was later described by 
Helmholtz. He compared this articulation to the mechanism 
of the catch contrivance in a watch-key. With the inward 
excursion of the malleus, its cog catches that on the body of the 
incus, whereby the latter must follow the motion of the former; 
with the outward motion of the hammer, however, its cog un- 
hooks itself from that of the incus, causing the malleus to inove 
strongly outwards, while the incus and stapes do so only to a shght 
degree. 

The action of the sound- conducting apparatus is compared by 
Helmholtz to that of an unequal lever, which executes great 
excursions at one end and small ones at the other. If, according 
to the foregoing, the vibrations are lessened as the waves of 
sound progress from the membrane through the ossicles, their 
intensity is in no way diminished, if one understands the principle 
of active force. 

Owing to the construction of the articulation of the malleus 
and incus already described, the organ of hearing is protected from 
violent concussions acting upon the membrane. As a result of 
these concussions on the drum, which are brought about by the 
sudden condensation of air in the external auditory canal, these 
violent shocks, which would otherwise reach the labyrinth, are 
broken by the radiating fibres which are bulged towards the 
meatus, and which extend between the annulus tympanicus and 
the handle of the malleus; this bow formation can shorten and 
become tense by the force exerted upon it before the hammer is 
driven with great violence against the incus. 

In like manner, the labyrinth is protected against excessive 
variations of pressure brought about by a violent entrance of air 
into the tympanum through the Eustachian tube, masmuch as 
the membrana tympani, with the handle of the malleus, is forced 
outwards to a considerable extent, while the incus and stapes 
follow this motion only to a slight degree. 

The check to the over- vibration of the ossicles is brought about 
partly by their articular ligaments, and partly by the ligaments 
and folds of mucous membrane extending from the tympanic 
wall to the ossicles. These checks are of the greatest importance 
in governing the uniform reception and conduction of the various 
waves of sound (Eiemann, Helmholtz). They give the ossicular 
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chain a sufficient amount of stability by which that necessary 
relation between the tension of the membrana tympani and that of 
the ossicles is maintained. 

Application of the Foregoing to the Pathology of 

the Ear- 

The disproportion between the tension of the mepibrana tympani and that 
of the ossicles, induced by pathological processes, must lead to an impair- 
ment in the propagation of sound. An increased tension of the membrana 
tympani will also produce a proportionate tension in the ossicles; this ten- 
sion of the membrane is not infrequently brought about by the rarefaction 
of air in the tympanum, due to closure of the Eustachian tube, and by the 
action of the atmospheric pressure upon its external surface. The result of 
this is an abnormal obstruction to the propagation of the sound waves, and 
therefore a hindrance to the conduction of sound to the labyrinth. Further- 
more, we meet with cases where the membrana tympani loses its normal 
tension by becoming thumed and atrophied, either from a long-continued, 
one-sided pressure or through extensive cicatricial formation. In such cases, 
the disproportion between the tension of the membrane and the ossicles also 
leads to a disturbance of function. 

The author has applied the principle of Lissajous, as used by Buck, in a 
number of experiments. The results thus obtained are of importance in 
explaining the disturbances of hearing which are observed as sequel® of 
pathological obstacles to the conduction of sound. As a fixed point on the 
ossicles appears under the microscope as a line during their vibration, the 
intensity of these vibrations may be measured by the alteration in the length 
of this line. The results of these experiments, published by the author in the 
year 1871 {A.f. 0., vol. vi.), are as follows: 

1. If the tones of a harmonium were conducted by means of a tube to the 
membrana tympani of an anatomical specimen, it was found that with 
tones of equal intensity the vibrations of the ossicles were less with deep 
tones than with those of the middle range, while with very high tones the 
intensity of the vibrations markedly decreased. 

2. If words were spoken into the meatus through a hearing-trumpet, the 
ossicles exliibited as many oscillations as there were syllables in the word. 
The greatest oscillation coincided TOth the vowel of the syllable. 

3. If different parts of the membrane were weighted with a small ball of 
wax or a little rod, the intensity of the vibrations of the ossicles decreased 
only to a slight degree; but if the malleus, incus, or stapes was weighted, 
producing, in other words, a similar obstruction to sound as we &id in 
diseases of the middle ear associated with exudations and adhesions, the 
vibration was considerably diminished, 

4. If deep or high tones acted upon the membrana tympani while the 
ossicles were weighted as above, a ‘ comparatively greater vibration was 
observed with high than with deep tones. The vibrations were also notably 
less dining speech than during the production of musical tones.* 

These results agree with the disturbance of hearing observed in patients. 
Changes on the membrana tympani, such as cicatrices, chalk deposits, and 
perforations, impair the power of hearing less than pathological changes 
(adhesions, ankylosis) on the ossicles, which diminish their vibration. It is 


* Professor de Rossi writes, in his Prohisione fatta al corso di otoiatria 
•per V anno scolastico, 1898-99, p. 7 : ‘ PareccJii anni or soho, udii daUa 
bocca stessa deU’ iUustre Graham Beil, V inventore del telefono, che le sue 
primi indagmi gli furono suggerite dai geniali esperimenti del otoiatra 
Viennese Adam Politzer, suUe excursioni della catena timpanical This 
statement is also confirmed by Professor Blake, of Boston, U.S.A. 
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also seen that in such cases high notes are generally heard better than low 
ones, and that the perception of speech is more altered than that of musical 
tones. 

5. If the membrane was artificially destroyed, the vibrations of the malleus 
became less; but if an artificial membrane was inserted and brought into 
contaet with the handle of the malleus, its vibrations again increased. 

6. The clieking sounds in the ear during intense eoncussions, as observed 
by Helmholtz, are not caused, in the opinion of the author, by the striking 
together of the cogs of the malleo-incudal articulation. His experiments 
have shown that this is brought about by the whizzing of the membranes 
and ligaments of the ossicles, inasmuch as these clicking sounds could be 
produced in the ears of a cadaver by the tones of an organ-pipe, in spite 
of the fact that the malleo-incudal articulation had been artificially 
ankylosed. 


D. The Physiology of the Eustachian Tube. 

It is a known fact that air is forced into the tympanic cavity 
hy means of a powerful act of expiration when the mouth and 
nose are dosed, and that the raembrana tyzapani is slightly 
bulged outwards by this procedure (Valsalva’s experiment). As a 
result of this, a sensation of fulness and ringing in the ear, and 
a slight degree of deafness, especially for deep tones, are brought 
about. 

A similar sensation is perceived if an act of swallowing is 
performed with the mouth and nose closed (Toynbee’s experiment). 
In such cases, as the author has shown experimentally, the air 
in the tympanic cavity becomes somewhat condensed only in the 
beginning of the experiment, while at the end it becomes greatly 
rarefied. 

If the nostrils are again opened after the act of swallowing, 
the feeling of tension in the ear nevertheless remains, and only 
disappears when the act of swallowing is repeated with the 
nostrils open. 

The explanation of this is as follows: During the act of swallow- 
ing, the Eustachian tube is opened by the action of its muscles, 
and the rarefaction of air, arising in the pharynx, extends to the . 
tympanic cavity. Immediately after the act of swallowing, 
however, the walls of the tube again lie close together, and the air 
in the tympanic cavity remains rarefied, while the atmospheric 
pressure in the pharynx again returns to its former state. As there 
is now a difference in the pressure of air in the tympanic cavity and 
in the pharynx, the membranous part of the tube is pressed closer 
to the cartilaginous portion by the atmospheric pressure, so that 
the closure of the tube is more complete than under ordinary cir- 
cumstances. If another act of swallowing is performed, the tube 
will again become patulous, and the pressure of air between 
the tympanic cavity and the pharynx is equalized. 

The author obtained these results from a number of experiments under- 
taken by him in the year 1860 in Professor C. Ludwig’s laboratory. He used 
a small glass tube, 2-3 mm. wide, and provided with a drop of coloured fluid. 
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This was fitted into a rubber stopper which was hermetically sealed into the 
external auditory canal (ear manometer. Fig. 60). The fiuid was seen to rise 
in the manometer during Valsalva’s experiment. If an act of swallowing 
was performed with the mouth and nose closed, a sKght rise {positive fluctua- 
tion) of the fluid was observed during the first stage of this act; during the 
second stage, however, a considerable fall [negative fluctuation) of the fluid 
was observed as the air in the tympanum Avas rarefied and the membrana 
tympani pressed inwards. After the act of swaUowing, the fluid remained 
in the place Avhere it had fallen, and returned to its 
former position only when the Eustachian tube Avas 
reopened by another act of swaUoAving with open 
nostrils. In some cases, even Avith quiet respiration, 
slight fluctuations of the fluid in the manometer were 
observed, which corresponded with the respiratory 
movements. These fluctuations were greater the more 
quickly the ah Avas allowed to pass through the nose. Fig. 60. — Ear 
and Avhen a greater obstacle Avas produced to the Manometer. 
passage of ah by closure of one nostril. 

The proof that the Eustachian tube is opened during an act of swalloAving 
can also be demonstrated by another simple experiment performed by the 
author in 1869. If a vibrating tuning-fork (256 v) is held before the 
nostrils, a uniform, weak sound is heard; during an act of swalloAving, 
however, the tone of the tuning-fork is perceived greatly increased, as its 
vibrations freely enter the tympanic cavity through the open Eustachian 
tube. 

Attention has aheady been called to the fact, in the chapter on anatomy, 
that the mucous membrane surfaces in the middle portion of the Eustachian 
tube lie in contact. This portion of the cartilaginous tube, as the author has 
observed in a number of specimens, is sometimes long and sometimes 
very short, and therefore explains the varying degree of resistance in 
normal individuals to the passage of ah' from the pharynx to the tympanic 
cavity. 

The question Avhether Ave are able to hear through the Eustachian tube, 
and thereby understand speech when the conduction of sound is excluded 
from the external meatus and the membrana tympani, is positively shoAvn 
by the foUoAving experiment; The nozzle of a speaking-tube 1 metre in length 
is introduced into the nostril of an individual Avith normal hearing, and the 
nostrils firmly closed around it by a second person; the meatuses are then 
firmly closed by the moistened fingers of the individual experimented upon, 
so that he cannot understand speech at a distance of 1 metre. If now spoken 
to, however, through the hearing-trumpet he AviU immediately understand 
speech. Some persons during this experiment understand Avhispered, while 
others only loud speech; this is explained by the fact that the walls of the tube 
lie more closely in contact’ in some individuals than in others. 

These experiments give the following results : 

1. The Eustachian tube is not constantly open; its permea- 
bility varies individually, inasmuch as in a number of cases a 
current of air extends from the pharynx to the tympanic cavity 
even during quiet respiration; in other cases, however, an act of 
swallowing or a powerful expiration with open or closed nostrils 
is necessary to make the tube permeable.* 

2. The Eustachian tube is opened during the act of swallow- 
ing, chiefly by the action of its muscles, especially by the abductor 

* Confirmed by Mach and Kessel; Die Function der TrommeUiohle und 
der Tuba Eustachii. Wien. Acad. Sitzungsberichte, 1872. 
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tub 88,* as is shown by the exj)eriments of v. Troltsch, Toynbee, 
and the author.f 

3. A difference of pressure is more easily equalized when the 
interchange of air takes place from the tympanum to the pharynx, 
than from the latter to the former. 


Application of the Foregoing to the Pathology of 

the Ear. 

From the above-mentioned physiological facts, we gather the 
following : 

1. The j)ermeability of the Eustachian tube is of great import- 
ance for the function of hearing. If the tube becomes imper- 
meable through swelling of its mucous membrane, or through 
accumulation of secretion, congestion and transudation develop 
in the middle ear as a result of a rarefaction, due to the shutting 
off of the air. As the atmospheric pressure predominates, the 
membrana tympani and the ossicular chain are tensely forced 
inwards, whereby their power of vibration is diminished. 

2. Through the opening of the Eustachian tube which takes 
place during the act of swallowing, the resistance which opposes 
the current of air from the pharynx to the tympanic cavity is 
considerably lessened. Where it is necessary in diseases of the 
middle ear to render the tube permeable, and allow a strong 
current of air to enter the tympanic cavity, the effect will be 
materially increased if an act of swallowing is performed during 
the inflation. , 


E. Influence of the Variations of Air-pressure in the 
Tympanic Cavity on the Tension of the 
Contents of the Labyrinth. 

The sensation of fulness or tension in the ear, which is accompanied by a 
ringing and slight degree of deafness, and which arises from condensation 
and rarefaction of air in the tympanic cavity, has, since the time of J. Miiller, 
been attributed to altered tension of the membrana tympani. Attention was 
not called to the fact, however, that there was a simultaneous pressure upon 
the elastic membrane of the round window and upon the foot-plate of the 
stapes with its bordering membrane, which also caused a pressure on the 
contents of the labyrinth. To prove, as the author had supposed, that a 
change of pressure took place in the labyrinth when the air-pressure was 
increased or decreased m the tympanic cavity, he performed a number of 
manometrical experiments on fresh human ears in Professor Ludwig’s 


* By means of experiments on vivisected dogs, the author was able to 
observe a widening of the fissure of the tube in the lateral pharyngeal wall by 
irritation of the trigeminus in the cranial cavity. The dissection showed that 
the widening was caused by the tensor palati muscle. (‘ Ueber eine Bezie- 
hung des Trigeminus zur Bust. Ohrtrompete,’ Wiirzburger naturw. Zeitschr., 
1861. 

f Diseases of the Ear, 1860. 



THE FUNCTION OF THE EUSTACHIAN TUBE 


6i 


laboratory. In these experiments, the condensation and rarefaction of air in 
the tympanic cavity were produced by an air-pump (Fig. 61) connected vdth 
the Eustachian tube (c). A small manometrical tube partly filled with a 
carmine solution {h) was introduced into the superior semicircular canal and 
hermetically sealed with wax. When the air in the tympanic cavity was 
condensed, an outward curvature of the membrana tympani and a rise of the 
fluid in the tube (Zi) (positive fluctuation from 1^—3 mm.) were observed; 
when, however, the air in the tympanum was rarefied, a marked fall in the 
fluid was noticed. If the fenestra rotunda was closed with wax, a decrease 
in the fluctuation of the fluid in the tube took place during condensation of 
the air in the tympanic cavity. When the articulation of the stapes and 
incus was severed, an increase in the fluctuation of the fluid to the extent of 
i~l^ mm. resulted, in consequence of the removed resistance. This resistance 
is brought about by a simultaneous outward motion of the membrana 
tympani and malleus, which prevents the foot-plate of the stapes from 
advancing too far towards the vestibule. Bezold, whose manometrical 



a, External meatus; h. Tympanic cavity; c, Eustachian tube; d. Vestibule of the 
labyrinth; e, The superior semicircular canal with the manometrical tube intro- 
duced into it (ft.) ; /, The cochlea with the scala vestibuli and tympani ; g, Fenestra 
rotunda. 

experiments led to similar results, found that the membrane of the fenestra 
rotunda was capable of an excursion of more than ?<■ mm., while that around 
the base of the stapes was only mm. The membrane of the fenestra 
rotunda is therefore capable of performing excursions five times greater than 
that of the foot-plate of the stapes. 

From these experiments it is shown: 

1. That an alteration in the tension of the membrana tympani takes place 
b}’’ condensation of the air in the tympanic cavity, and also that the pressure 
on the contents of the labyrinth is considerably increased by a simultaneous 
action on the membrane of the fenestra rotrmda and on the movable foot- 
plate of the stapes. The endings of the auditory nerve, surrounded by the 
cndolymph, are mechanically irritated by this increased pressure, wliich 
becomes apparent as subjective noises. The slight degree of deafness winch 
accompanies these noises can be compared to the disappearance of the per- 
ception of light when moderate pressure is exerted with the finger on the eye- 
ball. The fact that in such cases hardness of hearing occm's, especially for 




62 


DISEASES OF THE EAR 


low tones, while high ones are comparatively well heard, can he explained by 
the altered tension of the sound-conducting apparatus; one must not forget, 
however, that the structures of the labyrmth (lamina spiralis membranacea) 
are at the same time more tightly stretched, and thereby vibrate with greater 
difficulty in response to low tones. 

2. From the above experiments, explanation is found for the subjective 
noises and disturbances of hearing so often accompanying those diseases of 
the ear in which the two fenestrm of the labyrinth are abnormally weighted 
by the accumulation of serous, mucous, or purulent exudates, or by the 
formation of connective tissue in the tympanic cavity, or where the membrana 
tympani and ossicles are pressed inAvards, thereby abnormally increasing the 
pressure in the labyrinth. 


F. The Function of the Intratympanic Muscles. 

Our present knowledge concerning the action of the intratympanic muscles 
is confined to the mechanism of the increase and decrease in the tension of 
the membrana tympani, and to the regulation of the intratymf anic pressure. 
It has not yet been demonstrated ivhat part they take in the act of hearing. 
In order to ascertain what influence the tensor tympani had upon the per- 
ception of tones, the author shoived (A.f. 0., vol. i.) that, when testing with 
low and middle-ranged tuning-forks, a muffling of the key-notes and a more 
distinct perception for the overtones was observed. These experiments 
were carried out on human ears, as well as on those of recently killed dogs, 
in which the tensor ivas made to contract by electrical irritation of the 
trigeminus in the cranial cavity. 

Hensen and Bockendahl,* Avho opened the cavum tympani of vivisected 
dogs, and attached a light, sensitive lever to the tendon of the tensor tympani 
muscle, observed reflex contractions of that muscle on sounding musical 
tones. J. Pollak,t who substantiated these results, found that the energy of 
the contractions was generally greater for high than for low tones; further- 
more, that the contractions were strongest for the vowel a, very slight for u, 
and that through the action of tones on one ear a reflex contraction of the 
muscle in the other ear was observed. The reaction of the tensor tympani 
muscles disappears completely with destruction of both labyrinths. Hammer- 
schlag has recently shown by extensive experiments that the action of the 
tensor reflex is independent of the cerebrum, and furthermore, that the path 
of the reflex, from the acoustic to the trigeminus nucleus, is represented by 
the corpus trapezoides, and not by the strios acusticaj. These experiments 
did not relate so much to the function of the tensor tympani as to the physio- 
logical conditions of its reflex movements. Ostmann (Pfliiger's Arch., 1898) 
was the first to observe, in the intact drum membrane of man, reflex contrac- 
tions of the tensor tympani muscle. 

The author has experimentally (loc. cit.) proved that the action of the 
tensor is not confined to the membrana tympani alone, but also to the laby- 
rinth, inasmuch as he observed a motion of the fluid in the labyrinth on 
electrical irritation of the root of the trigeminus. The tensor tympani, there- 
fore, increases the pressure in the labyrinth. The stapedius muscle, on the 
other hand, must be regarded as the antagonist of the tensor tympani, as 
the author has shoivn by irritation of the facial nerve in the cranial cavity 
(Wiener Medicinalhalle, 1867); it relaxes the tympanic membrane, and 
diminishes the pressure in the labyrinth. 

From experiments conducted hitherto, aa'c can only state that one of the 
principal functions of the intratympanic muscles is to govern changes in 
the position and tension of the ossicular chain and abnormal pressure in the 
labyrinth, which are brought about by the variable fluctuations in the air- 


* Arch.f. Ohrenheillc., vol. xvi. 


f 3Ied. Jahrhiicher. Wien, 1886. 
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pressure in the external and middle ear. They therefore regulate the degree 
of tension of the hearing apparatus. Lucie’s* theory that the tensor tym- 
pani serves to accommodate the hearing apparatus for loud musical tones and 
musical noises, while the stapedius muscle regulates the organ of hearing for 
weak sounds, has not been experimentally proven. 

As the result of observations made on himself and on patients {A. f. 0., 
vol. iv.), the author was the first to state that the deafness which occurs 
during yawning is brought about by a simultaneous contraction of the tensor 
tympani. This view was confirmed by Helmholtz (loc. cit.). 

Voluntary contractions of the tensor t5nnpani have been observed in only a 
few cases (Schwartze, A. f. 0., vol. ii., and Lucse', ibid., vol. iii.). In a case 
published by the author, involuntary and voluntary contractions of the tensor 
were observed in both ears. The cracking noises in the ear which some 
persons can produce voluntarily are mostly caused by the contractions of the 
abductor tubas, rarely, however, by the contractions of the tensor tympani 
(Luschka, Politzer). 

Lucas first observed that the contractions of certain muscles of the face,.- 
particularly the musculus orbicularis, can produce a simultaneous contrac- 
tion of the stapedius. This is made evident by a deep humming sound in 
the ear, and also by a relaxation of the tympanic membrane, as shown by the 
manometer. During such reflex contractions the perception for the lower 
and middle tones of the tuning-fork is lost.f 


* Ghron. 'progr. Schioerhdrigkeit. Berlin, 1907. 

t Compare also Ostmann, Arch.f. Anat. %nd Physiol., phys. Alt., 1899. 



THE ANATOMY AND PHYSIOLOGY OF 
THE SOUND-PERCEIVING 
APPARATUS. 


III. THE INTERNAL EAR. 

The internal ear or sound-perceiving apparatus is made up of 
the terminal filaments of the auditory nerve in the labyrinth, 
the trunk of the auditory nerve, and its central origin in the 
brain. 


A. The Labyrinth. 

This part of the ear consists of a membranous labyrinth en- 
closed by an osseous capsule. 

1. The Osseous Labyrinth. 

The osseous labyrinth comprises the vestibule, the three semi- 
circular canals, and the cochlea, to v^hich may also be added the 
internal auditory canal. 

(a) The Vestibule. — ^The vestibule is an irregular, elliptical cavity wbich 
communicates anteriorly with the cochlea, and posteriorly with the semi- 
circular canals. It is 5-6 mm. in length, 3-4 mm. in width, and 4-5 mm. in 
height. Its walls merge into each other without any line of demarcation. 
The lateral wall (Fig. 63) is partly formed by the fenestra ovalis; the latter 
is 3 mm. in length, and 1^ mm. in width, and is closed by the foot-plate of the 
stapes (sf). On the medial wall, which is directed towards the base of the 
internal auditory canal, there are two recesses, separated by the crista 
vestibuli; these receive the utricle and saccule. The anterior, smaller 
one (2-3 mm. in diameter) is called the recessus saccuU ; the posterior, 
larger (4-5 mm. in length, and 3 mm. in width), the recessus utricvli. 
The upper end of the crista vestibuli, lying opposite the fenestra vestibuli, 
is termed the pyramis vestibuli. In addition to these two recesses, a 
small opening is found on the inner wall of the labyrinth — the vestibular 
opening of the aquaductus vestibuli — ^from which a grooved depression extends 
towards the inferior wall of the vestibule. On the posterior, and partly also 
on the superior inferior and internal walls of the vestibule are the openings 
of the semicircular canals (Fig. 64); these consist of three larger ampullar 
orifices and two smaller openings. The ampullar orifice of the superior (os) 
and that of the horizontal (ah) semicircular canal lie next to each other on 
the superior wall of the vestibule above the fenestra ovahs, the former lying 
above that of the latter. The ampulla of the posterior semicircular canal (s) 
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lies on tlio floor of the vestibule in the region of the oriliees of the liorizonlal 
(//) and the eommon opening of tlic superior and posterior scinieircular eanals 
(co). 'J'lie ampullar orifices are separated from the vestibular vails by pro- 
jecting ridges — the crisis ampullarnm. On the inferior vail of the vestibule, 
belov the fenestra ovalis, the beginning of the lamina spiralis ossea and mem- 
branacca is seen (Fig. G3, sp) extending vilh a slight bend from vithin outvards 
towards the entrance of the scala vestibuli. On the macerated temporal bone, 
by destruction of the commencement of tlic membranous spiral plate, a cleft 
is formed through which the vestibule communicates with the scala tympani 
of the cochlea. On the anterior border of the e.xtcrml and inferior vestibular 
walls another opening is found which leads into the scala vestibuli of the 
cochlea (Fig. G3, v). On the crista vestibuli, ns well as on the lloor of the two 
recesses, the so-called macnln crib-os'j: are founde each of which is composed 
of a number of openings which arc intended for the passage of the filaments 
of the vestibular nerve. The macttla cribrosa superior is for the passage of 
the nerves of the utricle and of the ampulhc of the superior (frontal) and 
horizontal semicircular canals; the macula cribrosa media for the nerves of 
the saccule; and the macula cribrosa inferior for the nerves of the ampulla 
of the posterior (sagittal) semicircular canal. 
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Fig. G2. — Hohizontal Section tiiuough the Petrous Bone of a 
New-rokn CiuLD. (Twice the actual size.) 

a. Vestibule; b, Base of the cochlea; c, Cupola of the cochlea; d, d', (Sections of 
the superior semicircular canal; c, Internal auditory meatus;/, Stajics; g, Antrum 
tympanicum. 

{b) The Semicircular Canais (Canales Semicirculares). — The 

three semicircular canals lie behind the vestibule in the osseous mass of the 
jictrous portion of the temporal bone, and form with their planes standing 
perpendicularly to each other a solid angle. There is a superior (frontal), 
a posterior or internal (sagittal), and a horizontal or external (lateral) semi- 
circular canal. The convexity^ of the superior (frontal) semicircular canal 
(Fig. GO, c) is turned towards the superior surface of the pjTamid, and forms 
a marked bulging {eminenlia arcuata), the highest point of which docs not 
correspond exactly to that of the semicircular canal. The couvexity^ of the 
external (sagittal) semicircular canal (e) is turned backwards, and its plane 
lies ncarlj’- parallel to the posterior wall of the pyramid. The convexity of the 
external or horizontal semicircular canal (p) is also turned backwards; the 
external portion of this canal forms a prominence on the internal wall of the 
tympanic cavity behind the facial canal. In cases of chronic middle-car 
suppuration a fistula is sometimes formed at this place. 

According to the investigations of Schwalbe, the length of the semicircular 
canals varies greatly. The posterior semicircular canal is the longc.st, and 
accoi'ding to this author the relations of the posterior, superior and horizontal 
semicircular canals is about G ; 5 : 4. The semicircular canals and the 
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ampulla} are elliptical in cross-section, the lumen of the canals being greatest 
at the point where they pass into the ampullEc. 

Each of the tliree semicircular canals begins with an ellipsoidal dilatation, 
U-2 mm in size, the so-called osseous atnpullce of the semicircular canals 


o 
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Fig. 63. — Sagiti’al Section through the Vestibule : View of its 

Lateral Wall. 

o, Upper wall; u, Lower wall; si, Fenestra ovalis ivith the foot- 2 )latc of the stapes; 
I, Ligaraentmn orbiculare stajjcdis; sp, Beginning of the lamina spiialis os.sea and 
meinbranacea on the lower vestibular wall; d, Entrance into the scala vestibuli of 
the cochlea. From a preparation in the author’s collection. 

(Fig. 66, d, /, U). The three canals open into the vestibule by only two 
orifices, inasmuch as the superior (c) and the posterior (e) unite into one 
common canal before enterhig the vestibule. 

(c) The Cochlea. — The coclilea (Fig. 66, i) is a canal 28-30 mm. long, 
which gradually becomes smaller towards its superior extremity; it turns a 


ah as 



Fig. 64. — Frontal Section through the Vestibule: View of the 
Posterior Vestibular Wall. (Enlarged to double its natural size.) 
o, Fenestra ovalis; a/t, Ampulla horizontalis; as. Ampulla superior; s, Ampullai 
orifice of the posterior semicircular canal; h, Openmg of the horizontal semi- 
circular canal; co. Common oiiening of the superior and iiostcrior semicircular 
canals; sp. Commencing portion of the lamina spiralis in the vestibule; st, Scala 
tympani of the cochlea; 7is, Fossa subarcuata. From a preparation in the author’s 
collection. 

little more than two and a half times round its axis, and on cross-section 
presents the form of an ordinary garden snail. In macerated specimens 
the cavity of the cochlea is seen to communicate with the vestibule by 
a spacious opening (Fig. 63, v), and with the tympanic cavity by means of 
the round window. 
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Wiili its spiral •rt'iiiding, the coclilca is so cmhcdclcd in the petrous portion 
of the temporal hone between the internal meatus and the carotid canal, tliat 
its base is turned inwards towards tho internal auditory canal and its apex 
(cvpola) outwards towards the tympanic cavity. 

On vertical sections of tho cochlea (Fig. 67), one secs, in addition to tho 
openings of its windings, tho modiolus (b), which bcguis with a broad base at 



Fig. 65. — Posterior View of the Osseous Labyrinth of a New-born 
Infant, avti’h the Three SEMicmcuE.vR Canals, the Cochlea, and the 
Aqueducts. (Enlarged to double its size.) 

CO, Cochlea; vu, Internal auditory c.anal; ac, Aqincductus cochlcte; av, Aquicductus 
vestibuli. From one of Ilg’s preparations in tho Anatomical Jluscura of Vienna. 

the bottom of tho internal auditory canal and, gradually becoming smaller, 
extends nearly to tho superior extremity of tho cochlea (cupola). It is 
developed, just as tho lamina spiralis ossca, from a connective-tissue ground 
substance, while tho external covering of the capsule of tho cochlea is formed 
by tho hyalhio primordial cartilage (Biittcher). Moos and Manasso found 



Fig. 66. — Cast of the Osseous 
Labyrinth. 

a, Fenestra ovalis; b, Fenestra rotunda; 
c, Superior semicircular canal; d. Its 
nmi)ulla; c, Posterior semicircular 
canal; /, Its ampulla; ff. Horizontal 
semicircular canal; /i, Its ampulla; 
I, Cochlea. 



Fig. 67. — Section or the Osseous 
Catsule and of the Modiolus 
OF THE Cochlea whth the Lajiina 
Spiralis Ossea. 

(7, Internal auditory meatus ; b, Jlodiolus. 


fully-developed cartilage cells in the capsule of the cochlea, and tho author 
also observed cartilage cells in the supporting trabccul.T} which connect the 
modiolus with the cochlear capsule. 

Tho axis of the modiolus is traversed from its base to the cupola by 
numerous neural and vascular canals. In the centre of tho modiolus tlm 
caimlis centralis modioli runs from tho base to the apex; on tho external 
surface, cncu-clmg tho modiolus, is tho canalis spiralis site ganglionaris 
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(Rosenthal), which contams the spiral ganglion and a spiral vein. The 
lamina spiralis ossea rises from the external surface of the modiolus; this is 
an osseous plate placed at right angles to the modiolus, which, beginning 
between the round window and the inferior wall of the vestibule, extends in 
a spiral manner to the cupola, where it ends in the pomted hamiilits. To this 
the membranous spiral lamina is attached. The canal of the cochlea is divided 
by this membrane into two divisions, the superior of which [scala veslibuli) 
communicates with the vestibule, wdiile the inferior (scala iijmpani) ends at 
the fenestra rotunda, which is closed by the vicinhranCt tympani secundaria. 
The scala 3 communicate with each other at the apex of the cocldea through 
the lielicolrema (Bresclietii). 

All the spaces of the labjninth are lined ■with a layer of connective tissue 
intermixed with fine elastic fibres. 

(t/) The Internal Auditory' Canal.— The internal auditoiy canal 
presents many mdividual variations in length and width. Its course from 
the oval opening on the posterior surface of the pyramid (Fig. 62, e) is directed 
markedly outwards and backwards. The inner end is divided by a transverse 
ridge into a superior and inferior fossa. In the anterior part of the superior 
fossa is the entrance to the facial canal, and in the posterior part the openings 
for fho passage of the vestibular nerves. In the inferior depression (/ossa 
cocJiIecE, Fig. 67) the spirally arranged openings {Iraclus spiralis foramhmlentus) 
at the base of the cochlea can be seen, which serve as the place of entrance 
for the fibres of the cochlear nerve. In addition to this, a small group of 
openings is found on the posterior wall of the internal auditoiy meatus, tlirough 
which several branches of the vestibidar nerve pass. 


2. The Membranous Labyrinth. 

The membranous labyrinth, which is surrounded by an osseous capsule — 
namely, the bony labjumth — consists of the saccule and utricle, the three 
membranous semichcular canals, and the membranous portion of the 
cochlea. 

(a) The Saccule and Utricle. 

The vestibular sacs are two in luunber, and arc termed the utricle and 
saccule; the former is in communication with the scmicireular canals (Figs. 
68 and 69), while the latter is in direct connection udth the canal of the 
cochlea. The utricle {sacculus liemiellij^ticus), 5-6 mm. in length and 
elongated, lies in the recessus ellipticus, and is in direct communication with 
the membranous semicircular canals by means of five orifices. It extends 
from the roof of the vestibule (Fig. 72) to the entrance of the posterior 
ampulla, and runs from in front and above, backwards and downwards. It 
is divided mto three parts, of which the superior is the recessus utriculi 
(Fig. 69, re), which is 3-3-5 mm. m breadth and length, while the other two 
portions are formed by the utriculus proprius, which is 3 mm. long and 
1-5-2 mm. broad. The ampuUaj of the superior and lateral semicircular canals 
open into the recessus utriculi, and the ampulla: of the posterior semicircular 
canal and the sinus utricularis superior into the utriculus proprius. A yellow 
elevation, about 3 mm. long and 2-3 mm. wide, Icnown as the macttla acuslica 
utriculi (Figs. 70, na, and 72, ma), is situated on the lateral and anterior walls 
of the recessus utriculi. 

The round saccule {8. sphccricus s. rohmdtis) lies in the anterior portion 
of the vestibule in the recessus sphajricus. It is in communication with the 
ductus cochlearis by means of the ductus reuniens (Hensen), a small tube 
0-7 mm. long and 0-22 mm. wide (according to Retzius, 1 mm. long and 
0-5 mm. wide). The macula acuslica sacetdi, which is located on its medial 
surface, has a breadth of 1-2 mm. Alexander found in the ductus reuniens 
of the embryo (guinea-pig) the beghming of a macula acustica which recedes 
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in the further course of development, and which must be regarded as the 
homologue of the macula lagenoe of the fish and amphibians. 

The vestibular cul-de-sac of the cochlea is seen as a protrusion of the canals 
of the cochlea, and develops at a comparatively later stage. 

The saccule and utricle consist of a fibrillated connective-tissue layer, to 
whicli a structureless, homogeneous, hyaline membrane and an epithelial 
layer are attached. The connective-tissue layer is most fully developed at 
the maculre acusticie. Tlie epithelial stratum is formed by a simple layer of 
squamous epithelium. This variety becomes cylindrical at the macula> 
acusticre, and then passes into neuro-epithelium (Fig. 71), which is composed 
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Fia. 08. — ^Frontal Section through the Posterior Portion of the 
Vestibule behind the Fenestra Ovalis. 

11 , Utriculus; p, Cistema perilympliatica; ah, Ampull.i, horizontalis; ch, Section of 
the horizontal semicircular canal; ai, Ampulla inferior (sagittal semicircular 
canal) ; st. Stapes ; aq. Section of the aquajcluctus vestibuli. From a preparation 
in the author’s collection. 

of acoustic and fibre cells (Hasse’s Isolationszellen). The former — ^namely, 
the acoustic cells — have a bottle-shaped appearance, with a bulging in the 
middle and a projection of the free extremity. The structures known as the 
auditory cilia consist, according to Retzius, of ton to fifteen filaments, which 
are 20-25 p in length. The elliptical nucleus lies in the bulged portion of the 
cell. The cylindrical fibre cells have a round nucleus which is found near 
the base. The terminations of the vestibular nerve in the saccule and utricle 
have been thoroughly investigated by Urban Pritchard — The Termination of 
the Nerves of the Vestibule and Semicircular Canals {Quarlerly Jourml for 
Medical Science, 1870). According to him, the mcdullated nerve fibres undergo 
extensive anastomoses, and broaden out in the connective-tissue layer of the 
maculaj acustiem; from here several non-nucleated nerve filaments penetrate 
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the basilar membrane and wind their way, as very delieate granular fibrUloe, 
between the supporting cells (fibre cells, Retzius) of the epithelium to the 
inferior nucleated, rounded extremity of the hair-cells. According to the 
investigations of Katz, the fibrfiloe make a turn at this place, running in an 
almost horizontal direction, and form a narrow nerve plexus, whence they 
supply the inferior part of the hair-cells, which they surround in the form 
of a cup (Retzius, Kaiser). In sections which have been taken from young 
mice, and stained by Golgi’s method (v. Lenhossek, Katz), several nerve 
fibres can be seen to extend to the limit of the section. The union of the 
vestibular nerve with the hair-cclls takes place by contact. The epithelium 
of the macula} acustica} is covered by a clear, transparent, semi-fluid substance 


Fig. 69. — The Membranous Internal Ear of a Human Embryo Fts'^e 
Months Old. Enlarged ten times (from behind and vtthin). (After 
Retzius.) ' 

up, Utriculus proprius; re, Recessus utriculi; S, Sacculus; ss. Sinus utriouli 
superior; sp. Sinus utriculi posterior; cll, Cannlis reuniens Henseni; a. Ampulla 
anterior; ap. Ampulla posterior; ca, Canalis semicircularis anterior; ce, Canalis 
semicirculaiis lateralis; de, Ductus endolymphaticus; ra, Nervus vestibularis; 
/, Nervus facialis; np, Nervus ampullaris inferior. 

(Steinbriigge) which coagulates after death, and which, in the form of a 
membrane, surrounds the otoliths or otoconia; these consist of small hexagonal 
crystals of carbonate of lime. Schwalbe found small vacuoles in the middle 
of the otoliths. 

The walls of the utricle are united to the superior and medial walls of the 
vestibule by means of delicate, finely-meshed connective tissue (Figs. 70, 72), 
and in a l&e manner the saccule is connected with the medial wall of the 
recessus sphasrieus. Between the utricle and saccule and the lateral wall of 
the vestibule (Fig. 72, c) a considerable perilymphatic space is found (Stein- 
briigge), which Retzius terms the cislerna perilympliatica veslibuli.* 



* In order to study the comparative anatomy of the membranous labyiinth, 
the author recommends the original work of; Retzius, Oehororgan der 
Wirhdtiere, Stockholm, 1881 and 1884; Kuhn, Beitrdge ziir Anatomic 
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{b) The Membranous Semicircular Canals. 

Their form (Fig. 73) corresponds to that of the osseous semicircular canals. 
A slight constriction at the external surface of each ampulla designates the 
place of entrance of the ampullar nerve. Corresponding to this constriction 
there is found, on the inner side of the ampulla, an elevation which is known 
as the crista ampullaris (Fig. 70, a). This elevation divides the space of the 
ampulla into two unequal portions, the shorter of which, directed towards the 
utricle, is designated by Steifensand as the sinus portion, the longer as the 
tubal portion. The ampuUaj are covered with epithelium, which is partly 
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Fig. 70. — Horizontal Section through the Vestibule above the 
Fenestra Ov^vlis of a New-born Infant. 

s, Utriculus; a, Ampulla cxtemus and the crista ampullaris discharging into it; 
r. Space in which the sacculus is situated; n. Nerve bundles of the ramus 
vestibuli passing to the utriculus and the macula acustica utriculi; p, p', Ad- 
herentwall of the-saoculus (incompletely cut through); n". Nerve bundles passing 
to the macula acustica sacouli; an. Nerve anastomoses running from the nerve 
bundle a to n '. From a preparation in the .author’s collection. 

squamous and partly cylindrical; in addition to this, however, we find at 
the epithelial ridge of the crista (planum semilunatum, Steifensand) high 
cylindrical cells, and a neuro-epithelium analogous to that found on the 
maculm acustiem of the saccule and utricle. 

The membranous semicircular canals, the diameter of which is about one- 
third that of the osseous canals, are not suspended, as was formerly supposed, 

des Gehororgans, Bonn, 1880; C. Hasse, Die vergleichende Morphologie 
und Histologic des liantigen Gehororgans der Wirheltiere, Leipzig, 1873; 
A. Tafani, Organo del ndito, Firenze, 188C; G. Alexander, Enhoicldung 
und Ban der Pars inferior labyrinthi der Saugeliere, Denhschriften der 
k. Ahademie, 1900, vol. Ixx. 
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in the latter, which are filled with perilymph; they are (Fig. 74) attached as ^ 
was shown by Scarpa and Breschet, to the external side of tlio bony canals by 
a part of their walls, and are thus made stationary. Inconstant, vascular, 
connective-tissue bands (Fig. 75, d) (ligaments) extend from the free portion 
of the membranous semichcular canals through the perilymphatic space to 
the periosteum of the osseous canals. Numerous papillary elevations covered 
with epithelium (c) arise on the inner surface of the membranous canals; 
these are lacking at the adherent parts of the canals (b) and at their place 
of entrance into the utricle (Rii dinger). The papillary elevations are covered 
with polygonal epithelium, which assumes a more cylindrical form on the 
strife (raphe) which lie on the concave side of the semicircular canal and 



extend into the ampullre. Nerve elements have not been found in the semi- 
circular canals. Alexander’*' has observed in the perilymphatic connective 
tissue of a number of young mammals collections of pigment which were 
regular in shape and arrangement. 

(c) The Membranous Structures and the Terminations of the 
Acoustic Nerve in the Cochlea. 

The terminal structure of the cochlear nerve, known as the organ of Corti. 
lies upon the membranoxis spiral lamina, Avhieh arises from the free border of 
the lamina spiralis ossea (Fig. 76) and is inserted into the ligamentum spirale 
(Fig. 76, I, and 77, ir), projecting from the opposite wall of the cochlea. 
The membranous spiral lamina is divided into three sections: the inner, 
which is perforated by numerous orifices for the passage of the fibres of the 
cochlear nerve (zona perforata, p); the middle, which bears the organ of 
Corti (zona arcuata); and the outer, which is finely striated {zo 7 ia peclinata). 

We have seen that the canal of the cochlea is divided by a spiral plate into 
the scala vestibuli (Fig. 76, sc v) and the seala tympani (Fig. 76 sc. t). The 


* Compare Alb. A. Graj% The Labyrinth of Animals, ,vol. i. _ London, 
Churchill, 1907. 
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former is again divided into two compartments by the memhrana vestibularis 
(Reisneri, li), which runs from the upper surface of the lamina spiralis ossea 
to the external wall of the cochlea. The space hounded by the basilar 
membrane, the external wall of the cochlea and the memhrana vestibularis 
is known as the (canalis) diictus coclilearis (Fig. 76, Dc). This canal, which 
is lined by a layer of epithelium and contains the terminal filaments proper 
of the nerve, is filled vdth endolymph, communicates Avith the saccule by 
means of the ductus reuniens, and ends in a cul-de-sac below the cupola of the 
cochlea. 


n n- 



Fio. 72. — Frontal Section through the Vestibule anu the Fenestra 
OvALis OF A New-born Infant. 

n, Utriculus attached to the medial and upper walls of the vestibule; ma. Free 
lateral wall of the utriculus, ivith the macula acustica; st, Fenestra ovalis and 
stapes; c. Space bctiveen the utriculus and the lateral vestibular wall — cistema 
perilj'mphatica; 11 , v', n" , Nerve bundles of thenervus vestibularis passing to the 
utriculus and ampullae; a. Ampulla inferior; ca. Crista ampullaris; /, Nervus 
facialis. From a prepar^.tion in the author’s collection. 

In order to study the details of Corti’s organ, it is best to make microscopic 
sections ivhioh are cut perpendicularly to the lamina spiralis through the 
axis of the cochlea (Fig. 77). At the inner part of such a profile Anew of 
the lamina spiralis, a SAvelling produced by a thickening of the periosteum 
can be seen, Avhich resembles a cock’s comb {H), and has a toothed ridge 
{crista spiralis, Huschke). It roofs OAmr a canal running a spiral course 
{siiUns spiralis interims), AAdiich is lined AA’ith cuboidal epithelium [K). The 
external Avail of the ductus coclilearis is formed by the ligamentum spirale, 
at the upper end of which (Fig. 76) the membrana Amstibularis (i?) is inserted. 
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This ligament consists of a connective-tissuo base, which is very vascular. 
A sharply defined strip, tho stria vascxilaris,* covered with epithelial 
cells, and rich in bloodvessels, extends towards tho lumen of the ductus 
cochlearis. , This strip is joined at its basilar part by a row of cells, which 
borders on a furrow lying opposite tho sulcus spiralis (sulcus spiralis 
externus). 

External to the sulcus spiralis lies Corti’s organ proper (Eig. 77). This 
consists of an inner (G) and an outer (O') row of gently curved rods (Corti’s 
fibres), the lower extremities of which rest upon the basilar membrane, 
while their upper ends articulate with each other. The two rows form the 
tunnel of Corti’s organ; the inner are broader than tho outer, so that we find 
two of the former to three of tho latter. In the lower angle, formed by tho 
rods and basilar membrane, two rows of round nucleated cells (basilar cells) 
are found. 

The outer row of rods has a plate-shaped process at its upper extremity, 
to Avhich a net-lilto perforated mciubr.anc, the lamina reticularis (r), is 
attached. This roofs over the external rods and the so-called Corti’s cells, or 
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Fig. 73. — Membranous 
Labyrinth. 

a, Utriculus; 6, Superior 
semicircular canal; c. Its 
ampulla; d, Posterior 
semicircular canal; c, Its 
ampulla; /, Horizontal 
semicircular canal; g, Its 
ampulla. 


Fig. 74. — ^Topographical Position op the 
Membranous ■within the Osseous Sejh- 
ciRcuLAR Canals: Transverse Section 

THROUGH the POSTERIOR PART OF THE DE- 
CALCIFIED PyrjVIhd OF A New-born Infant. 
(Right Ear.) 

s, Tr.ansversc section of the superior semicircular canal ; 
h, h". Transverse sections of the horizontal semi- 
circular canal; p, p', Transverse sections of the 
posterior semicircular canal; o. Fossa subarcuata; 
an. Inner Avail of the mastoid antrum. From a pre- 
paration in the author’s collection. 


external hair-ceUs (ah). The latter structures (Z) (Retzius), AA'hich in man 
are arranged in tlnee, four, in rare cases five, parallel roAvs (Gottstcin), are 
surrounded by the termmal fibres of the acoustic nerve (Retzius) in the form 
of a network; they are attached to the basilar membrane by their delicate, 
elongated inferior extremities (Gottstein’s basilar process), Avhile their upper 
Avider ends are covered with auditory hairs, Avhich project tlrrough the open- 
ings of the lamina reticularis. A roAV of inner hair-cells (ih) is found in front 
of the sulcus spiralis internus immediately anterior to tho inner rods of 
Corti’s organ. According to H. Joseph (Anatom. Hefle, vol. xiv.), peculiar 
hornified bodies (FfeilerkopfeinscMusse, Joseph) are enclosed in tho upper 
joint-like ends of the rods (Kbpfen). These are found in a number of animals, 
and probably also in man; their marked hardness may perhaps give. them 

* Katz, Eistologisclies uher den Schneckencanal, spec, die Stria vascularis 
(Verhandl. des A. internal, med. Congress, Berlin, 1890), and Sliambough, 
Trans, of the American Otol. Soc., vol. x. 
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the function of a joint (Schwalbe, Lelirb. d. Anat. d. Sinnesorg). Deiters’ 
cells ( D), which have their broad extremities directed downwards, are joined 
to Corti’s cells by branches in the form of tongs, which belong to the former 
and which grasp the latter (Katz). External to the last row of Corti’s cells 
lie the supporting cells of Claudius and Hensen (Cl), which pass mto the 
epithelium of the external wall of the ductus cochlearis. By the aid of his 
own method. Held* found in the rods of Deiters’ supporting cells and in other 
supporting elements around the hair-cells a complicated system of elastic 
supporting threads. 

Corti’s organ is covered by the firm striated Corti’s membrane (Eig. 77, C7}i). 
This arises from the crista spiralis of Husclilte, alongside of and below the 
vestibular membrane, and ends, according to tbe general opinion, at the 
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Fig. 75. — Sectioit of the Osseous and Membranous SEsnciRCULAR 

Canals. 

a, Osseous semicircular canal j 6, Place of attachment of the membranous semi- 
circular canal; c. Globular elevations on the inner surface of the membranous 
semicircular canal; d, Vascular connective-tissue bands. 

external boundary of the perception cells of Corti’s organ. According to 
Bottcher {A. f. 0., vol. xxiv.), Corti’s membrane is fixed by prolongations to 
the surface of the terminal apparatus of the acoustic nerve.f Coyne and 
Cannieu consider Corti's membrane a cuticular formation, which arises from 
degenerated cilia. 

The round window (fenestra cochlea:), situated at the posterior part of the 
promontory below the fenestra ovalis, is in intimate relation with the cochlea. 
Tin's window is closed by a membrane, the ^nemhrana tytnpani sec^mdaria 
(Scarpa), Avhich is somewhat bulged towards the interior of the cochlea, and 

* Untei'snchungen iiher den fetnen Bati des Ohrlabyrintlis dcr Wirheltier, 
Aht. d. 7nathem. phys. Klasse d. Wissen., vol. xxviii. 

t According to Kolmer, the auditory cilia of Corti’s cells are in connection 
with the cortical membrane. 
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is inserted by a broad base into the crista fenestrce rotundx. The form of 
the membrane when removed from the round window is convex above and 
somewhat concave below. The fibrillated lamina propria of the membrane 
is covered on its inner surface by a continuation of the labyrinthine lining, 
and on its outer surface by the mucosa of the tympanic cavity (Weber-Liel). 
The latter is highly developed in the new-born, and has occasionally, as the 
author was the first to observe, one or more vascular papiUaj which are visible 
even to the naked eye. 

The Ductus Endolymphaticus and Aquseductus Cochleae. — ^The 
former, which was discovered by Domenico Cotugno in 17G1, arises, according 
to Bbttcher, by two thin membranous tubes from the utricle and saccule. 
These two membranous tubes unite into a common broad canal, 5-6 mm. 
long and 0-25 mm. wide, Avhich passes through an opening in the inner 
labyrinthine wall into the narrow osseous portion of theaqureductusvestibuli. 



Fig. 76. — Section through the First Turn of the Cochlea of a 

New-born Infant. 

Sc. V, Scala vestibuli; Sc. t, Scala tympani; k, Lamina spiralis ossea; h. Lamina 
basilaris; I, Ligamentum spiralc; R, Membrana vestibularis; Dc, Ramus 
cocblearis; o, Corti’s organ; 7)i, Corti s membrane; 71, Fasciculus of the ramus 
cochlcas; gs, Ganglion spiralc. From a preparation in the author’s collection. 

At the hiatus aqureductus vestibuli behind the internal auditory canal this 
small canal joins a blind sac in the dura mater about 15 mm. long and 
9 mm. wide; the latter, running towards the sigmoid sinus (Fig. 78), is lined 
with a layer of epithelium, and communicates with the endolymph of the 
labyrinth (Zuckerkandl). According to Riidinger, lateral canals branch off 
from the intradural sac of the aqueduct, which he thinks serve as drainage- 
tubes for the perilymph to the subdural lymph-spaces. The aqureductus 
cochleae, about 10 mm. long, arises from a small opening in the scala tympani 
in the neighbourhood of the round window, and ends in a funnel-shaped 
enlargement near the inferior surface of the petrous portion of the temporal 
bone in the region of its posterior edge. It acts as the immediate means of 
communication between the arachnoid cavity and the perilymphatic fluid of 
the labyrinth. W eber-Liel, Schwalbe, and others, have shown experimentally 
that a coloured fluid injected into the subarachnoid space penetrates into the 
cochlea and imstibule. 
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The Bloodvessels of the Labyrinth. 

The arteries of the labyrintli arise from the internal auditory artery 
(arleria aciislica ccnlrala Sapolini), rvhich comes from the basilar, and enters 
the internal auditory canal along with the acoustic nerve. A small branch 
of this artery entering the vestibule supplies its lining membrane and the 
membranous semicircular canals, and sends small twigs to the utricle, saccule 
and ampullr, and an arch-shaped vessel along the concavity of the mem- 
branous semicircular canals. Another branch of the auditory artery {ramus 
cochlearis) sends twigs into the modiolus as the central arteries of the 
modiolus, and into the lamma spiralis ossea to the lining membrane of the 
cochlear wall. According to Bottcher {A. f. 0., vol xxiv.), only one vessel, 
known as the vas spirals memhranx basilaris, runs in the canalis spiralis of 
the cochlea, and supplies the ductus cochlearis with capillary branches. The 
subjective noises which are due to a disturbance in the circulation may, 
to a great extent, be attributed to this bloodvessel, which runs a long course 
on the lamma basilaris, and is in close relation with the nerve endings. 



Fig. 77.— TERraNAt, Filaments of the Cochlear Nerve, with Corti’s 
Organ, as foend in the Human Subject. 

o, Lamina spiralis ossca, with the nerve bundle of the ramus cochlearis ; pZ, Lamma 
spiralis mcmbranacea; H, Tooth of Huschke (crista sijiralis); G, •Inner rods of 
Corti; O', Outer rods of Corti; r. Lamina reticularis; Z, Corti’s cells; D, Deiters’ 
cells; ill. Inner hair-cells; ah. Four outer hair -cells; e. Radiating tunnel fibres of 
the ramus cochlearis passing to the cells of Corti; k. Colls of the sulcus spiralis 
interior; Cl, Hensen’s supporting cells; cm, Corti’s membrane; vs, Vas spiralo; 
Ir, Ligamentum spirale. 


Siebenmann* distinguishes tlrree main branches of the internal auditory 
artery in the labyrinth — the arleria vestibularis anterior, the arteria ves- 
tibulo-cochlearis, and the arteria cochlea; propria. According to this author, 
the blood returns also by three mam channels — through the veins of the 
internal auditory canal, through the accessory canals of the aquscductus 
vestibuli, and tlmough those of the aquscductus cochlearis. 

0. Eichlerf states that every turn of the cochlea has a separate blood- 
current, which is formed by the union of two adjoining currents — namely, 
that of the lamma spiralis and that of the walls of the seal®. The very 
tortuous artery of each turn of the cochlea lies above Rosenthal’s canal, and 
divides into two branches: the inferior runs to the vestibular surface of the 


Die Blutjefasse im Labyrinthe des menschlichen Ohres. Wiesbaden, 
1S94. 

t Anatom. UntersucJiungen iiber die Wege des Blutstrmnes im menscli- 
liclien Ohrlabyrinth {Abhandlungcn der kdnigl. sdchs. Gesellsch. d. IFfssen- 
scJiaften, vol. xviii., 1892). 
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lamina spiralis, whilo the superior ascends to the scala vestihuli, at the upper 
bend of which it runs to the outer wall of the cochlear canal. Both arteries 
form a capillary network from which the vein arises. This vein also consists 
of two branches, the superior of which runs on the lower Avail of the lamina 
spiralis, the inferior on the floor of the scala tympani. Both branches unite 
mto one Amin in the modiolus beloAv tho canal of Rosenthal. 

The Veins of the Labyrinth. — ^The veins of tho vestibule and semi- 
circular canals empty into the vena aquscductus vestihuli, Avhich runs in a 
separate bony channel and empties into the lateral sinus. The veins of the 
cochlea empty into the inferior petrosal sinus by means of the vena aquse- 
ductus cochlea;, Avhich runs in the canalis Cotunnii, beloAV and parallel to the 



Fig. 78. — ^Posterior Surface of the Pyr^uud of the Eight Temtoral 
Bone of an Adult, avitu the Opened Intradural Sac of the 
Aqdjeductus Vestibuli. 

mi. Internal axiditory canal, Avith the acou.stic nerA'e; av. Opened intradural sac of 
the aqua;ductus vestibuli; ni. Upper section of the sigmoid sinus; si', Its loAVcr 
section. From a preparation in the author’s collection. 


aquwductus cochlearis (Siebenmann, Injection dcr Kvocheveanah, 1899). 
The anastomoses of the Amssels of the labyrinth Avith those of tho tympanic 
cavity are brought about, as tho author aa^s tho first to shoAv {vide p. 37), by 
the vessels running in the external bony labyi-inthine Avail. 


B. The Acoustic Nerve. 

(a) The Origin of the Acoustic Nerve and its Distribution 

in the Labyrinth. 

The acoustic nerve arises by tAvo large nerve roots from the medulla 
oblongata betAveen the facial and glosso-pharyngeal nerves; these roots rmite 
into one nerve, Avhich enters the internal auditory canal, in the fundus of 
Avhich, it divides into tAvo branches. The one branch, the .vestibular nerve’, 
enters the vestibule and sends several tAvigs to the utricle and the superior 
ampuUse of the semicircular canals; the other branch, the cochlear nerve, 
enters the modiolus of the cochlea and distributes small tAvigs to the saccule 
and to tho ampulla of the superior (sagittal) somichcular canal (Rotzius). , 
Numerous ganglion cells are found in the roots and trunk of- tho acoustic 
nerve. 
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Arnold describes two anastomoses between the acoustic nerve and the inter- 
medius nerve of Wrisberg {neroo-iredicesimo, Sapolini’s). Accordmg to the 
latest investigations of Penzo {All. islilul. Venet., 1890), these anastomoses 
are divided into a lateral and a medial one. The medial consists of fibres 
which run from the intermedius nerve of Wrisberg to the vestibular branch 
of the acoustic nerve; the lateral, on the other hand, is made up of fibres 
which go from tho intumescentia ganglioformis Scarpa3 of the vestibular 
branch to the trunk of the facial nerve. 

Alexander* distinguishes a superior and an inferior vestibular ganglion in 
man and higher animals. The superior belongs to the nervus utriculo- 
ampuUaris. The greater part of the nervus saccularis and nervus ampullaris 
inferior ends in the inferior ganglion; still, a few twigs reach the superior 
ganglion by means of a channel, called by Alexander the islhnms ganglionaris. 

The vestibular ganglion is united with the geniculate ganglion by a bundle 
of nerve fibres. Briihl and Bielschowsky {Arch. f. mihro. Anal., vol. Ixxi.) 
have shown that there is a fibrillary network in the constant bipolar ganglion 
cells of the vestibular ganglion, in which tho thick central and thin peripheral 
process, which usually arises at opposite poles, passes over in a contmuous 
manner. They found a similar neWork also in the cells of the spiral 
ganglion. 

Accordmg to Held,t an inconstant number of hair-ceUs of tho ductus 
cochlearis is m comrection with one ganglion cell of the spiral ganglion. 

Ayersf found a great number of multipolar ganglion cells m addition to 
bipolar cells in the embryos of pigs, the sections of which had been stained by 
Golgi’s chromic acid-silver method. 

R. ICrause § traced the acoustic nerve fibres into the terminal membranous 
apparatus by means of embryonic evolution, and found that there was an 
intimate union between the neuro-epithelial cells and nerve fibres, which 
took place 'during tho course of development. Recently Raymon y Cajal 
followed tho branching of the vestibular nerves as far as the crista acustica, 
and found that the nerve fibres divide into small branches, which end in 
goblet- and cup-shaped procosses.il 

According to Ko^er,*)} tho endings of the nerves of the macula and crista 
are supplied with nerves in a doubled mamier. One thin nerve branches and 
ends in a button-shaped manner between the epithelial cells; tho other thick 
nerve passes with its fibrilla direct and m a conthiuous maimer into tho 
fibrillary network of the cells of special sense; tho latter nerve lies in the 
protoplasm of the nerves of special sense. This fibrillary network develojis 
in the embryo in the hair-ceUs below and around the nucleus, and changes its 
position in the fully-developed animal more to the surface of the cell and 
anastomoses with tho fibril of the opposite nerve. According to the investiga- 
tions of Briihl and Bielschowsky,** the non-medullary fibres of the nervus 
vestibuli tormhiate partly in free nodular endings between the hair-cells, and 
partly unite vdth the entire surface of the hair-cells and form within 
circular bodies in which probably the mechanism of transmission of the 
protoplasmic movement to tho nerve fibrilla takes place. 


* Zur Analomie des Ganglion vestibvlare der Sdugeliere {Sitzungshcr. d. 
kaxs. Akad. d. IFm., vol. cviii., Abth. III., 1899). 

1897^**^ der ‘peripheren Gehorleitung {Arch. f. Anal. n. Physiologic, 

t The Audilory or Hair-cells of the Ear and their Relations to the Anditory 
Nerve {Journal of Morphol., vol. iii., 1893). 

§ Die Endigungsweise des N. acusticxis im Gehororgane {Verhandl. d. anatom. 
Gesellsch. in Berlin, Jena, 1890). 

11 Trdbajos del lah. de Ins. Biol., Madrid, 1903, 1901 . 

11 Anatom. Auzieger, vol. xxvi. and xsvii., 1905. 

*♦ Loc. cit. 
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The Distribution of the Acoustic Nerve in the Cochlea. 

The fibres of the cochlear nerve pass through the openings of the tractus 
spiralis foramhmlentus, part going directly to the first turn of the cochlea, 
and part passhig into the nerve canals of the modiolus to the lamina spiralis 
ossoa. Between the fibres of the modiolus and those of the lamina spiralis 
ossea there is found, at the periphery of the former, a large ganglionic layer 
(zona ganglionar is), which is enclosed by the sharply-defined oval canal of 
Rosenthal (Pig. 79). At the lower and medial sides of this canal the nerve 
bundles (b, b', b”) enter the ganglionie layer, and after numerous anastomoses 
with the ganglion cells at the upper part of the canal (c) pass into the lamina 
spiralis (d). The ganglion cells in the pike (Max Schulze) and guinea-pig 
are surrounded by medullary capsules. 

d 


Fig. 79. — Section of Rosenthal’s Canal and the Seibal Ganglion. 

a. Ganglion cells of the spiral ganglion lying in Rosenthal’s canal; h, V, b". Three 
sepaiatc nerve bundles of the cochlear branch entermg the spiral ganglion; 
c. Nerve bundle coming fiom the supciior pole of the siiiral ganglion; d, Entrance 
of the latter into the lamina spiralis ossea. From a specimen in the author’s 
collection. 



The nerve fibres, which form plexuses by numerous transverse anastomoses, 
run between the two osseous lamellae of the lamina spiralis, which are joined 
by vertical bridges as far as the habenula perforativa on the inferior surface 
of the basUar membrane. From here they pass through numerous openings 
on the upper surface of the membrane into the ductus cochlearis, and, accord- 
ing to tlie investigations of Waldeyer and Gottstcin, enter into immediate 
union with the hair-cells as numerous non-medullated terminal fibres, which 
are very delicate and present nodes here and there. The researches of 
Retzius and Van Gehuchten show that the terminal filaments of the cochlear 
nerve form a fine network which surrounds the hair-cells, but does not enter 
into communication with them. 
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Bruhl and Bielschowsky were able to demonstrate that the extreme 
terminal filaments of the cochlear nerve, form a nerve strand, which lies 
I)etween Deiters’ cells and is in direct communication with the floor of the 
hair-cells. Themon-inedullary terminal fibres of the spiral fibres (which run 
directly across Corti’s canal) pass into this nerve strand, and form a fine 
fibrillary network. In the neighbourhood of the cochlea all the nerves of the 
latter t 3 'pe are in communication with the hair-eells. 



{h) The Central Course of the Acoustic Nerve. 

The Topographical Relations of the Acoustic Nerve and its 

Nucleus. 

A section cut through the anterior third of the inferior part of the olivary 
body shows the origin of the acoustic nerve — that is, the ramus cochlearis 
(Fig. 80, VIII aiKl VIIIc). In the main root of the acoustic nerve there can 
be seen, ventral to the corpus rcstiforme, the cochlear nucleus (nucleus 
accessorius acustici. Fig. 80, NV Iliac), which takes in the main mass of the 
fibres of the ramus cochlearis. A part of the latter unites with fibres which 
arise in the ventral coclilear nucleus, runs off in a lateral direction, and 
surrounds the corpus restiforme (Fig. 80, VIIIc) as a lateral aeoustic nerve 
root. Dorsal to the corpus restiforme the fibres are interrupted in their 
course at the nucleus cochlearis dorsalis, the so-called tuberculum acusticum 
(Fig. 80, TV III). The stria? acusticas, which run along the floor of the fourth 
ventricle, must be looked upon as a continuation of this cochlear system: 
these run to the raph6, which they cross at different levels (Fig. 80, Sira). 
Close to the middle line the fibres slightly diverge and enclose the nucleus 
eminentia! terctis. 


G 
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Ventral to these strise, the floor of the fourth ventricle contains the small- 
ccllccl triangular vestibular nucleus (nucleus vestibularis parvicellularis, 
I’i" 80, Nvl), lateral to Avlnch is attached the root of the spinal acoustic. It 
is divided into three parts: most medially the descending vestibular fibres 
(VII lav)-, most laterally the comicction pf the medullary nucleus with the 
cerebellum (the tractus'nucleo-cerebellares, Fig. 80, Tnc, which touches the 
restiform bodies); and lastly, between both, the large cells of Deiters’ nucleus 
(nucleus vestibularis magno-cellularis, Smv), with its own fibres. 



Fig. 81. 


On a section made higher up the root of the ramus vestibularis (Fig. 81) 
may be seen in its entirety. This is due to the fact that the ventral part of 
the section lies more spinal than the dorsal. In such a section it is possible 
to see the main mass of the fibres running torvards the small-celled triangular 
vestibular nucleus (Nvt), while a second part makes its way towards the large 
cells of Deiters’ nucleus (nucleus vestibularis magno-cellularis). In the same 
channel with the fibres of the corpus restiforme (Grst), fibres come directly 
out of the vestibular and Deiters’ nucleus in a dorsal direction. The former 
reach the small-celled nucleus angularis (Bechterew’s nucleus, NaB), which 
lie medial to the brachium conjunctivum; the latter go into the cerebellum 
to the nucleus fastigii, the nucleus which is found on the roof of the fourth 
ventricle. 

In consequence of the oblique direction of the sections, the other visible 
parts are not easy to recognize. There is also found a remnant of the facial 
nucleus (NVII), the fibres of which surround the nucleus of the abducens, 
and then form the ascendmg crus of the facial nerve, which lies in a direction 
dorsal to the fasciculus longitudinalis dorsalis (Tip). 
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Tlic next section, at the beginning of (he iions, shows the continnation of tho 
acoustic fibres. Tiio lir.st stnictnro wlheli is seen is a liniullo of Jilnes iniown 
as the (eginentuin, whieh lies above the transverse fibres of tho pons; they 
arise from the side of (lie ventral cochlear nucleus, surround (ho root, of tho 
spinal trigeminus in a ventral direction (Fig. 82, Fa), and run in n bow-shaped 
maimer towards the middle line, where they cross. 

This bundle, which in animals lies, in tlie form of a short bridge, free on 
tho surface, is the corpus (rapczoidcs (Fig. 82, Trs). In its lateral third (hero 
is embedded a jicculiar librous-liko contorted slrnctnro, which is surrounded 



by gray masses forming a jicculiar accumulation of cells — the superior olivary 
body (oliva superior, Fig. 82, Nos). From the cor])ns trape/.oides radiating 
bundles go in a ventral direction into the olivary body; on tho other hand, 
from the dorsal side the jieduncular fibres sink into the olivary body (peduncles 
of the olivary body), which are regarded ns a continuation of the strisu acusticio 
(Fig. 82, so). Lateral to the olivary body, and at a higher plane, there is 
found a bundle which takes in tho continuation of the corpus trapezoides, ns 
well as tho fibres of tho olivary bodj', and is called the lemniscus lateralis. 
Tho cell-nests in tho corpus trapezoides form the trapezoid nucleus. The 
superior olivary body is distinguished by its relation to tho facial and abducens 
nepes. First it lies in a direction dorso-latoral to tho facial nucleus 
(Fig. 82,^j\^F7/); laterally, it flaidts tho nerve whore it emerges fi’om tho 
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Jjraiii (Fig. 82. VI fc), Avliile the ahducens, which lies medial to it, runs into 

the iesinentuin (IV). .1 „ • „ 

It iiuist fiuilior be Tneiitioucd that also hero there arc remains of the 
•-inall- and large colied vestibular nucleus {Not, Nom), and that the small 
cells Avhich lie dorsal tu Dciters’ nucleus belong to the nucleus angularis 
(Bechterew’s nucleus).-®- 


The Origin and Central Prolongations of the Acoustic Nerve. 

The acoustic nerve is divided into two parts, of which the one, the ramus 
cochloaris, has to do with the perception of hearing, while the ramUS vesti- 
bularis is the principal factor in determining our position in space. 

The ramus cochlcaris has, like every sensory nerve, a peripheral ganglion, 
the ganglion spirale cochlcaris (Fig. 83, 6sp), which contains also a few 
scattered cells lying in the nerve root. Fkom this ganglion the fibres of the 
ventral and dorsal cochlear nucleus arise (accessory acoustic nucleus and 
tuberculum acusticum. Fig. 83, NY Iliac, TV III). The latter is not so 
well de\ eIoped in man as in animals. A few fibres arc supposed to leave the 
ganglion above the two nuclei. In spite of many carefully conducted investi- 
gations, their coarse has not yet been fully demonstrated; up to the present 
only so much is known that the fibres which arise from the ventral cochlear 
nucleus pass tluougb. the tegmentum as the corpus trapezoides (Fig. 83, Tr), 
and, after they have decussated in the median line, form, to a largo extent, 
the contralateral lemniscus lateralis (Fig. 83, LI). 

'J'hoy give off dii-ect as well as collateral fibres (radiating bundles) to the 
homo- and contralateral superior olivary body (Fig. 83, Ros). 

Into the latter the prolongations from the tuberculum acusticum (Fig. 83, 
TV II I) also_ enter to a large extent; they then run along the floor of the 
fourth ventricle as the strite acustica? (Fig. 83, Stra), cross the median line, and 
form the peduncle of the superior olivary body (Fig. 83, so), by means of which 
they pass into the olivary body itselL Other fibres of the strife cross deeper 
and are called the strife profundfe (Fig. 83, Strap). A part of the strife fibres 
remain bomolateral and join the corpus trapezoides. It is not an intercalary 
ganglion which carries the acoustic irritation to the nucleus of the orbital 
muscles, the spinal cord, etc., hut an acoustic nucleus of a higher typo, the 
larger p.aifc of which is perhaps identical with the substantia gelatinosa of the 
posterior horns of the spinal cord (Hoffmann). The cells of the olivary body 
supply a large part of the fibres of the lateral lemniscus (Fig. 83, lie), which 
finally contains the entire continuation of the ramus cochlcaris; also the fibres 
of the lalf-ral lemniscus are interrupted in their course at the ventral’and also 
at tcc dorsdl iemnisous nucleus (Fig. 83, NLlv and NLU). Finally, the main 
mass of the fibres extend to the corpora qnadrigemina posterior (Fig. 83, 
,qp, ana from here (after they are again interrupted in their course) cuter 
mto iLic brachiiim of these bodies (Breqp), through which they pass into the 
ganglion gcmculatum mediale (Fig. 83, GgJ). After they have passed into 
V 10 pens, JUcc all other sensory nerves, thej^ are again interrupted in their 
com .so >3 ^ lie cells of tlic corpora gcniculata; from here the auditory radiations, 
'c'l? ihe rctrolenticular part of the internal capsule, pass to the cortex 

lobe (Fig. 83, Gt, most probably to the first temporal lobe, 
cin n?; lobe). Inasmuch as each temporal lobe is 

^1 ^ 1 ^ h mmi cochleares, disturbances in hearing of a high degree are 
■no'ftnrinT *^3® cortex. The same is true of affections of the 

of f bo (Siebonmann); on the other hand, affections 

p gemculata, of the hrachia of the posterior corpora quadrigemina, 

ischen ‘"iccording to Marburg, Mihroskopisch-topograpli- 

l<jq 4 _ '^'’^^Oihehen Zentralnu'vensystems, Deuticke, Wien-Leipzig, 



ORIGIN OF THE ACOUSTIC NERVE 85 

and also of (he lemniscus lateralis, produeo disLurhanccs of hearing, although 
they do not rcacli a high degree. , 1 •, i ■, 

Tlie relations of the ramus vestibularis are nob so complicated; it lias its 
peripheral ganglion in tlie ganglion vestibuli (Fig. 83, Ov), and runs from 



Breqp, Brachimn corp. quad, jio.it.; Ghll, Cerebellum; Cgl, C.inglion geniculatum 
mediale; C'mI, Corpus re.stifonne; Cqp, Corpus quadrigeminum posterior; 
Cl, Cortex (first temiioral lobe); Flp, Fascie-ulus longiludinalis jiostcrior; 
Oxp, Ganglion spirale cochlea!; Gv, Ganglion vestibuli; JJ, Ijcmniscus lateralis; 
NuB, Nucleus angiilaris Bechtcrew; Ninxy, Nucleus magno-ccllularis vestibularis 
(Deiters’ nucleus); NLld, Nucleus Icmnisei lateralis dorsalis; NLlv, Nucleus 
Icmnisci lateralis ventralis; Nos, Oliva superior; Nvl, Nucleus vestibularis 
triangularis; NVIIIac, Nucleus acu.stici nccc.ssorius (N. coch. vent.); Sim, Stria) 
aoustica) superficialcs; Simp, Strias acustica) profundio; so. Peduncle of superior 
olivary body; 7'/w,Thalamusoplicus;7V,Corpu8 trapezoides; 7'F///,Tubercuhun 
acusticum; VIIIc, Ramus cochlearisncHslici; VIllv, Ramus vestibularis acustici; 
V lllvs. Secondary' coui’se of the ramus vestibularis (Obersteincr). 

there into the medulla oblongata on a cerebral plane with the raraus coelilcaris 
medial from the corpus restiformo (Pig, 83, Grsl). In the medulla it divides 
into ascending and descending branches, the latter of which form the medial 
part of the root of the spinal- acoustic; they then descend to the region of 
the hypoglossus. They end in the small-coiled vestibular nucleus (nucleus 
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trian'^iilaris or parvicellularis vestibularis. Fig. 83, Nvl), and its continuation, 
iviiicil can bo traced to the liypoglossus, is known as the descending vestibular 
nucleus and nucleus intercalatus Stadcniii. Direct continuations or collateral 
branches of the ramus vestibularis also approach Deiters’ and Bechterew’s 
nucleus (nucleus vestibularis magno-cellularis and nucleus angularis, Fig. 83, 
Niriv and NaB). Still Deiters’ nucleus is now looked upon more as an_ in- 
dependent structure — a nucleus of co-ordination (Kolmstamm). Its relation, 
on the one hand, to the cerebellum and the vestibular nerve, and, on the other, 
to the nerves of the muscles of the eye and to the cervical muscles (posterior 
longitudinal fibres, fasciculus longitudinalis. Fig. 83, Flp) explain clearly the 
important role it plays in determining our position in space and in the pro- 
duction of nystagmus (Spitzor and others). 

In regard to the central tracts, which run from the region of the vesti- 
bnlari.« to the cerebellum, it is only known that they run through the sub- 
stantia reticularis of the tegmentum into the thalamus (Fig. 83, Tho), and 
from here — after the fibres have been interrupted in their course — to the 
cortex, where they are supposed to end in the posterior part of the parietal 
IoIdc (Fig. S3. Cp), which also aids in determining our position in space. 


The Physiology of the Internal Ear. 

It has ah'cadj’' been said that the conduction of the waves of sound from 
the membrana tympani to the labyrinth is jjrincipally brought about by the 
foot-plate of tho stapes (p. 55). The sound-waves transmitted simultaneously 
from tho membrana tympani to the membrane of tho round window are of 
less phj’siological importance. 

Only a minimum amount of displacement of tho aqua Cotunnii is brought 
about by transmission of the waves of sound to tho labyrinthine fluid. 
Burnett and Buck have shown experimentally that this displacement is much 
greater for deep tones thair for high ones, and that the latter cause hardly any 
appreciable movement of the labyrinthine fluid. 

Corresponding to tho inward motion of the foot-plate of the stapes during 
the positive phase of the waves of sound, the fluid of the labyrinth is princi- 
pally displaced towards the round window. The membrana basilaris of the 
cocldea is thus somewhat bulged towards the scala tympani and made tense 
owmg to tho resistance of the apex of tho cochlea (Helmholtz). Hensen 
thinks tJrat the fluid also enters both aqueducts of the labyrinth simul- 
taneously, but according to tho opinion of the author this is hardly possible 
on account of the extreme naiTownoss of the aqueducts and the strong 
resistance in the cranial cavity. 

Tho functions of the different parts of the labyrinth have not yet been 
fully explained; still, great progress has been made in this direction through 
the works of Helmholtz, Hensen, Ranke, Hasse, Exner, and others.* 

The Function of the Vestibular -Apparatus. — ^It was formerly 
believed that the function of the saccule and utricle was mainly to aid in the 
perception for noises, and tlrat the cochlear apparatus served for the percep- 
tion for tones. This view has now been renounced. According to tho current 
opinion, the function of the vestibular apparatus is to inform us of the 
motions of the head, and consequently of the body in space; that is to say, in 
apprising us of tiic relative position of the head (body) to the line of gravity, 
thus enabling us to keep the body in its equilibrium. With every fonvard 
111 01 emcn and with each inclination of the head the relatively heavy otoliths 
1 +i'^ medium in which^ they are suspended, thereby causing a 

1 o o the delicate hairs which support them; this bending produces 
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specific sensations, which become apparent by means of numerous nerves 
(Brener). 

As the directions in whicli these otoliths can move also correspond to tiic 
tlirce dimensions of space, combination of these is sufficient for every ease. 

The Function of the Semicircular Canals; — It was formerly 
believed that the solid angle, which is formed by the perpendicular arrange- 
ment of the semicircular canals to each other, imparted to tiro car the power 
of loealmg the direction of the waves of soinrd. Wo r\ow know that these 
canals take iro part in the perception for sound, but arc the organ of co- 
ordinated movements (statical setrse). 

The fundamental experiment npoir which this latter view is bascil was 
performed by Florrrens. Ho iroticcd a striking motor disturbarreo after 
•section of the semicircular canals in pigeons aird rabbits, whicii led him to 
believe that these carrals were the central organ of co-ordinated movements. 
It was cspcciallj’ noticed from Iris experimorrts, ns well ns from those carried 
out later by others, that a lateral movement of the head comirined with 
nystagmus arrd vomiting (Czernrak), arrd n rotation of the body on its vertical 
axis, took x’laco after section of the horizontal sonricircular canal; that a 
pendrrlous rnovenrent of the head forwards and backwards, and a fallirrg of 
the body backwards, followed destruction of the sagittal semicircular carral; 
and, fi.nall3’, that the atrimal fell forwards whcir the superior semicircular 
canal was iirjrrrcd. 

The view? regarding the significance of the sjunirtoms after destruction 
of the semicircidar canals vary considerably' in sx^itc of numerous control 
experiments. 

Goltz, Mach, Czormak, Curschrannn, Spamer, Brener, Cnnn-Brown, 
Bcchtcrcw, Ewald, and Konig, consider tlic semicircular canals ns the sense- 
organ for maintaining the equilibrium of the body'. Cyon looks 112)011 them 
as the organ of the sense of space. The symptoms brought about by the 
experiments of Flourcns arc regarded by all these investigators ns the result 
of the destruction — that is, irritation— oHhe semicircular canals and ampulla’. 
Breuer [PJliigcr's Archiv, 1888) has shown that, by' carefully opening one 
of the semicircular canals in pigeons, a chemical or thermic irritation, or 
simply' touching the said canal, is sufficient to brhig about a disturbance in 
cquililnium.’*' 

Hogy'cs {PJlhgcr's Arch., vol. xxxvi.) believes that the vestibular endings 
of the auditory' nerve arc peculiar terminal npj)aratus which, according to 
the position of the head and body', regulate the movements of the ey'cs, and 
probably' also those of the most important muscles of the body' necessary' to 
maintain the equilibrium. This view is supported by' the exxierimcntal inves- 
tigations of Cyon {Ecchcrchcs snr Ics /oiicfioii.s dcs cnnnitr. scmicircuhtircs. 
Paris, 1878), who observed movements of the eyes in certain fixed directions 
after injuring the dilTerent semicircular canals. 

The statements of Liissana, that the disturbances of co-ordination which 
arise in consequence of injury' to the semicircular canals are caused by' irrita- 
tion and not by destruction of the nerves of the ampullne, have been proved (0 
be incorrect by the experiments carried out by Kiinig {Eludes c.rp'r{mcnlaJcs 
des canaux scmicrrcuUiircs, Thbsc, Paris, 1897) on animals. This author 
found that after an.'osthctizing the canals with cocaine, the well-known dis- 
turbances of equilibrium nevertheless aj^pcared, showing that those must be 
regarded, not as symptoms of iri-itation, but as signs of non-activity of the 
semicircular canals; this view is also shared by Gaglio [Arch. p. 1. scienze 
med., vol. xxiii., 1899). 

Brown-S6quard, Cy'on and Bcchtercw also observed rotatory and rolling 
movements of the eyes and bilateral nystagmus after section of the acoustic 
nerve, while Biehl noticed the sanre after division of the vestibular branch. 

* See L. W. Stern, Die Lileralur dcr nicht acusL Fvnclioncn des innereu 
Ohres his zum Jahre 1895 {A.f. 0., vol. xxxix., 1895). 
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R. Ewald,* who bases his results on experiments carried out on animals 
differentiates two parts of the labyrinth, the ‘ hearing labyrinth ’ and the 
‘ muscular-tone labyrinth,’ of which the latter is divided into (a) Goltz’s sense 
organ (semicircular canal apparatus), and (b) the maculcc acusticac (otolith 
apparatus). According to Ewald, the muscular-tone labyrinth influences not 
•only the muscles of the entire head and movements of the eyes, but also the 
muscles of the body. It has been found in animals that an abnormal atony 
of the limbs develops after removal of the- labyrinth, and that a general 
atrophy of the muscles ensues after .plugging the semicircular canals. This 
theory has been supported by the later examinations of Asch, Dreyfuss, 
Willgerodt, Bethe, and Frohlich {Pfliiger’s Arch,, vol. cii.), who observed in 
lower animals a falling off of the motor force, with a simultaneous increase of 
the reflexes. 

According to the present hypothesis, the adequate irritation of the cristfe 
acusticre of the ampullrc is supposed to bo brought about by the currents of 
the endolymph, and that every change in the position of the otoliths has, as a 
consequence, the sensation of a change in tlie position of the head in an 
opposite direction to their motion. Hence the function of the semichcular 
canals is believed to bo the perception for the rotations of the head, and by 
this means of the body, in the form of angular accelerations. With each turn 
of the body the endolymph, owing to its momentum of inertia, makes a 
relative movement towards the walls of the canals, whereby it necessarily 
happens that a bonding of the fine hairs which are firmly connected with the 
walls of the semicircular canals, and which belong to the nerve apparatus of 
the ampuUaj, is brought about. At the commencement of a motion, the hairs 
bend in an opposite direction to that of the motion, but ;the above fact taken 
for granted) is correctly perceived. This produces a nystagmus which has 
the same direction as that of the turning. If tlio motion lasts only a short 
time, the otoliths return to their normal position when the turning ceases, and 
the revolving sensation and the nystagmus ccaso. If the turning lasts a 
longer time, the hairs of the otoliths, in consequence of their elasticity, return 
slowly to their normal position, and the revolving sensation and nystagmus 
cease, but again immediately return if the same motion is continued faster. 
When the revolutions become slower (which may be termed negative slow- 
ness), or when they are made to cease, the endolymph, owmg to the slowing 
down, keeps on flowing in the direction of tho motion and causes a coiTespond- 
ing change m the position of the otoliths. This brings about tlin feeling of 
being turned in the opposite direction and also nj'stagmus to tho side opposite 
to that of the turning. If this bending is transposed into nerve irritation, tlio 
three semicircular canals, which arc cognizant of tho tlu’co dimensions of 
space, cause sensations by their combinations, which, according to the strength 
and distribution to the three nervo endings, arc characteristic for the rotation 
in every axis. 

Further experiments show that reflexes also originate from tho semicircular 
canals, by which the position of the head and eyes is altered as occasion 
requires. Nystagmus is the most strilcing and practically the most important 
of these reflexes. It may be produced by various methods of irritating tho 
labyrinth, most clearly by turning or by galvanic or caloric irritation. 

1. Rotatory Nystagmus . — It alwaj's occurs in a plane through one or both 
bulbi oculi, which is at right angles to the axis of turning. Its fast component 
is always in the direction of the rotation. If the patient looks in tho direction 
of the fast component tho nystagmus is increased; if, on the other hand, the 
patient looks in tho direction of the slow component, the nystagmus becomes 
less marked or ceases entirely. If the patient is subjected to more than eight 
revolutions in one direction, tho nystagmus, during the procedure, stop^ 
When the turning stops, tho nystagmus goes to tho opposite side. Associated 


* Physiolojische Untersiichungen iiber das Endorgan des Nervits octaviis, 
-1892. 
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with this form of nystagmus aro a number of accompanying symptoms. 
These are: objects appear to revolve in the direction of tho fast component; 
a feelmg of rotation of the entire body in an opposite direction; a darkening 
of the field of vision; tho sensation of seeing colours; nausea; and vomiting. 
These partly objective and partly subjective phenomena aro grouped together 
and are called rotator3’- giddiness. 

2. Caloric Nystagmris. — ^Dr. Barany observed at tho author’s clinic that 
nystagmus can bo produced to tho opposite side when sj'-ringing the ear 
with cold water (below tho bodily temperature), and to tho same side when 
syringing with hot water (above the bodily temperature). According to 
Dr. Barany’s investigations, this nj'stagmus is not caused by pressure, but 
solelj' by the flow of the ondolymph, caused b}' a dilTercnco in temperature 
between the injected fluid and the warmth of the body. Water having tho 
same temperature as that of the body causes no nj^stagmus. Naturally cold 
and warm water work the faster, the greater their dilTeroncc as compared 
with the bodily temperature. Tlie3' also act quicker when the membrana 
tympani is perforated than when it is intact.* 

3. Qalmnic Nystagmus . — ^^Vhcn a galvanic current of 2 to 4 milliamp6res 
is allowed to pass straight through the head, nystagmus is produced, which 
must be attributed to an irritation of both labyrinths. If, on the other 
hand, only one labyrinth is irritated, in that the cathode is placed in front of 
the tragus and the anode on any spot on the same side of tlic bod3’^ (for 
example, tho hand), n3'stagmus towards the cathode is produced. If tho anode 
is placed before the tragus and the cathode is taken in tho Iiand of the same 
side, nystagmus occurs to tho opposite side — ^that is, away from tho anodo 
In conducting these experiments a current of 10 to 15 milliamperes is used. 

The importance of these methods of irritating tho vestibular apparatus for 
clinical purposes, as well as their use in tlic patliolog3' of lab3Tintlnnc — and 
brain — diseases, will be spoken of more fully later. 

The experiments of I^cidlf performed on deaf-mutes give us important 
data regarding tliis question. He found, in the majority of cases of accele- 
rated rotation, that the characteristic normal movements of tho 03ms were 
absent. A number became confused as to the vertical lino, a condition which 
is met with in normal individuals during rotation. Tho statements of Kroidl 
are corroborated by Bruck. In 30 per cent, of tho individuals experimented 
upon by ICrcidl, J. Pollakj; showed that the so-called ‘ galvanic dizziness ’ 
was wanting. 

Recent investigations by Wanner, Hammorschlag, Frey, and Baran3’’ on 
deaf-mutes, and the very carefully conducted experiments of Kroidl and 
Alexander on the Japanese dance mouse, have brought forth new jjroof of 
the already accepted theory that giddiness, nystagmus, and disturbances in 
gait may be produced from tho labyrinth. Frey (Verhandl. der Denisch. 
oldlog. GesdlscUafl, 1904) found in a largo percentage of deaf-mutes a diminu- 
tion of the patellar reflex, especially in tho.so cases in which, upon turning, 
giddiness and nystagmus could not bo produced. 

The Function of the Cochlea. — Our present knowledge is entirely 
hypothetical in reference to tho function of the cochlea, and tho different parts 
of this complicated terminal apparatus. Helmholtz was of tho opinion that 
the cochlea possessed a greater physiological function than tho vestibule and 
semicircular canals, and that it served the purpose of analyzing tho waves of 
sound. It has not yet been shown what part of Corti’s organ corresponds 
functionally to the layer of rods and cones of tho retina. Tho old view of 
Helmholtz, that Corti’s rods should bo considered tho terminal apparatus of 

* Confirmed by Kubo by experiments on animals under the svipervision of 
Kreidl {Arch. f. d. Ges. Physiol., vols. cxiv. and cxv.). 

t PJliiger's Arch., vol. li., and Sitzungsber. d. Wien. Ahad. d. Natur. xoiss. 
(Class C, i. 3', as well as C, xi. 3), 

t PJliiger's Arch., vol. liv. 
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the auditory nerve, had been abandoned by this author himself, since objec- 
tions had been raised against this theory which demonstrated that it was 
unsound. Hasse found that Corti’s rods are absent in birds which possess 
a hearing power for musical tones and speech, and that, on the other hand, 
Corti’s cells are present.* These cells, which have small auditory cilia at 
their upper ends (outer and inner hair-cells), are, according to Waldeyer, about 
2,000 in number, and are now universally regarded as the true terminal 
apparatus of the cochlea. Corradi {A. f. 0., vol. xxxii.) observed total deaf- 
ness follow the destruction of the cochlea in dogs, and is therefore of the 
opinion that the cochlea is the only organ for the reception of the acoustic 
impressions. 

Helmholtz later agreed with Henson that the basilar membrane is that part 
of the cochlea which is attuned to the sounds of the external world, and from 
which the vibrations of the labyrinthine fluid are transmitted to Corti’s cells. 
Henson based this opinion on the fact established by Hasse and himself that 
the basilar membrane is not equally wide at all its parts, but increases in 
width as it ascends from the first turn of the cochlea towards the cupola. 
According to Helmholtz, the basilar membrane represents a system of strings 
corresponding to its strisc, of which only a fixed number always vibrates for 
certain tones. Accordingly, therefore, the perception for high tones is brought 
about by the lower part of the basilar membrane, and that for deep tones 
by its upper portion. The covibration of one group of fibres must not, 
however, be regarded as isolated and sharply defined. It is much more 
probable, according to Helmholtz, that the perception docs not take place 
in interrupted succession, with mcrcasing tones, but in a continuous rise, 
and that when one group of fibres is set into vibration the neighbouring one 
is also similarly affected to a slight degree. 

Helmholtz’s theory of sound analysis is based on the assumption that the 
basilar membrane of the cochlea possesses a large number of so-called sounding- 
boards (resonators), which arc tuned to certain tones. These sounding boards 
are set into action by the vibrations conducted by the aqua Cotunnii; these 
vibrations arc transmitted to our brain as impressions of sound by the nerve 
fibres corresponding to these sounding-boards. 

According to Herrmann {Arch. f. d. ges. Physiologic, vol. Ivi., 1894), each 
sounding-board (resonator) in the cochlea is not put into action by its acoustic 
fibre, but by aid of a nerve cell which has an elective irritability for each 
rhythmical irritation. Ebbmghaus is of the opinion that each fibre of the 
basilar membrane is not only able to give rise to its keynote, but also to 
bring about a diminished perception for the overtones owing to the forma- 
tion of nodes. 

Of the many theories, Ewald’sf also deserves to be mentioned. He thinlvS 
that with every tone the entire basilar membrane vibrates. The vibrations, 
he thinks, take place in a perpendicular wave-like manner, which, in its 
entirety, produces a so-called characteristic sound-picture for every tone. 
According to the theories of Max MayerJ and ter Kuile,§ the entire mem- 
brane does not vibrate, but only a part of it. According to Mayor, the height 
of the tone is determined by the number of concussions, winch puts into action 
a sensory cell. 

. Ter Kudo is of opinion that it is the period only that causes certain cells 
to be put into action by a fixed tone (compare J. Breuer, Uber das Gehbrorgan 
der Vdgd, SilzungsbericM d. Kais. Ahead, d. Ifiss. in irien., 1907). Kishi 

■ * Denlcer found that the power which the parrot possesses of reproducing 
the speech is not due to any special structure in the sound-perceiving ^ 
apparatus. 

f Pfliiger’s Arch., 1899, 1903. ^ 

t Zeit.f. Physiol, and Psych, d. Sinnesorg., vol. xvi.; PJhiger s Arch., 18 JO, 
1900. 

§ PfiUgePs Arch., vol. Ixxix. 
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{Ppigcr's Arch., 1907) believes that the vibrations eonimonec in Corbi’s 
membrane, and arc earried over from hero to Corti’s organ. 

With the aid of the shiftmg of tho tone phases, recent investigations 
(Exner, Poliak,* * * § Hensenf) have strengthened the belief in. tho resonance 
theory in opposition to that of tho Helmholtz theoiy, which cannot bo made 
to harmonize in reference to tho perception for combination tones and inter- 
ference sounds, as well as for the shifting of tho tone phases and tho occur- 
rence of tone-gaps (Meyer-Stumpfs, Beilrage zur Ahuslih, etc., 1898). 
According to Bezold,J the occurrence of tone-gaps niaj’^ also be explained by 
tho Helmholtz theory. Up to the present the occnrrcnco and perception of 
combination, tones has not been explained. Helmholtz and Schiifcr§ regard 
the membrana tympani and the ossicles as the place of origin for combination 
tones. Jn opposition to this, DennertJ says tliat individuals in whom the 
membrana tympani, the malleus, and the incus arc lacking, can hear com- 
bination tones. Wundtif claims that the perception for combination tones is 
due to irritations brought about by the meeting of two fundamental tones 
within one and the same nerve fibre. 

Exner has shown experimentally that the perception for noises is also 
brought about b 5 ’’ the cochlea. 

According to Ewald, the root of the acoustic nerve is also susceptible to sound 
impressions; tliis view is shared by Wundt,** while Bcrnstciiijft Matte, 
and StrehlJ j hold an oppo.sitc opinion. Kuttncr§§ found that pigeons without 
Jab 3 winths react especially well to deep tones, but thinks that the reaction is 
probably caused by means of the sensorj’^ nerves. Krcidl and Janasc [Cen- 
iralbj. f. Phijs., vol. xxi.) found that the confused manner in which some 
animals hear during the first few da 5 's of life is due to the fact that Corti’s 
organ is not yet fully developed, and that as soon as Corti’s membrane is set 
free from Corti’s organ the perception for sound takes place. 

A few physiological peculiarities of the acoustic apparatus must finally be 
mentioned. 

After-perceptions in the ear may be produced bj' noises ns well ns bj^ tones; 
by this wo mean that the perception for a tone lasts a short time after 'the 
action of the objective source of sound. Prc 3 mr informs us of peculiar after- 
perceptions which arc experienced after the long-continued action of a tone, 
and especially of the distinct perception of vibrations which continue for 
some time after. Fcchner considci's the after-perceptions as mental pictures, 
while Urbantschitsch calls them positive after-images analogous to those of the 
eyes. If we accept this view that wc are dealing with positi%m after-images, 
the fact stiU remains unexplained why they arc observed only in a vor 3 >’ small 
number of individuals in whom tho cars are normal. 

The energy of perception of the auditory nerve is, as Dove first proved, 
diminished even after a short action of sound, and, as he expresses it, 
the car becomes fatigued. Urbantschitsch found, in his experiments in 
reference to this subject, that the dimimition hi perception takes place mainly’’ 
for that tone or group of tones conducted to tho ear, but that other tones 
immediately thereafter will be perceived ivith undiminished intensity. 

If a tone is conducted simultaneously to both cars by means of a tube with 
two branches, the perception (acoustic imago) will bo localized, according to 


* Zeitschr.f. Psych, u. Physiol, d. Sinnesorg., vol. xxxii. 

t Bericht. d. Berliner Akad. d. Wisscnsch., 1902. 

j Miinchencr med. If oc/i., 1900. 

§ Nagel’s Handbuch d. Physiol., p. 569. 

11 A./. 0., vol. xxiv. 

Philosophischc Studien, vol. viii. 

** Ibid., 1893, vol. viii., and PfliigcPs Arch., vol. Ixi., p. 339. 
it Pftiiger’s Arch., vol. Ixi., p. 113. 
it Ibid., vol. Ixi., p. 205. 
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Elliot,* Purkinje, and Thompson, in the centre of the oceiput. Later experi- 
ments do not agree with this statement, in so far as Plumendon considers the 
frontal region as the place of perception. Urbantschitsch has applied the 
term ‘ subjective field of hearing ’ to this perception. 

The statement of Urbantschitsch, that increased perception in individuals 
with binaural, over those Avith monaural, hearing is brought about by the 
transmission of the subjective irritations from the acoustic centre of one 
side to that of the otW, seems unfounded, as a simple explanation for 
this phenomenon is found in the Avell-known physiological law of the summa- 
tion of sensitive irritations. 

The phenomenon observed by Le Roux that the action of the waves of 
sound on one ear (tuning-fork) heightens the pOAver of perception in the other, 
has been verified by the investigations of Urbantschitsch. Accordiijg to the 
opinion of the author, this applies only to eertain kinds of tones and noises 
(as, for instance, the tick of a Avatch, etc.), as the perception for a Aveak- 
sounding tuning-fork in one car is completely de.stroyed by the action of a 
stronger sounding one in the other ear. This, therefore, refutes the above 
theory that the perception is increased in binaural hearhig. The phenomenon 
described by Chabalier, Lussana, Nussbaumer, Padrone, Grazzi, Cozzolino, 
Baratoux,f -Lehmann, Bleuler, and others, in which peculiar sensations of 
colour are brought about by the action of the Avaves of sound (sound photisms), 
must be regarded as rare reflex sensations arising from the car. From 
a hypothesis adAmnced by Steinbriigge, this double sensation can be ex- 
plained by 'the fact that the acoustic irritation does not confine itself 
to the hearing centre in the cortical portion of the brain alone, but passes 
beyond the border and reaches the centre of siglrt by means of fibres of 
association.J 

It is also knoAvn that a reflex action of all the muscles of the body may bo 
produced by irritation of the acoustic nerve, a fact Avhich is shoAA'n by the 
sudden draAving together of the entke body OAving to a loud, unexpected 
sound, etc. Hogyes observed in ncAV-born rabbits that cA'cry time a tuning- 
fork Avas struck a quick motion of the auricles took place from behind for- 
Avards. Moldenliauer could produce muscular reflexes Avhich extended OA'cr 
a part of or over the entire body of the noAV-born by varying the intensity of 
the sound employed. Repeated observations have shoAvn that dizziness, 
spasms of the respiratory muscles (Kosegarten), and an accelerated or slowed 
action of the heart (Dogiel, Arch. f. Anat. u. Phys., 1S80) could be produced 
by musical tones, or by certain kinds of noises and sounds. 

During the last few years special interest has been paid to the 
so-called cortical centre of hearing, both from a physiological 
and from a clinical point of vieAV. The existence of such a centre has 
been firmly established by numerous experiments on animals (]\Iunk, 
Iferrier, Lueiani, Yeo, Horsley, Singer, BroAvn, Tamburini, Goltz, 
Schafer, and others) and by anatomical and clinical observations 
(Mechsig, Bechterew, Monakow, Baginsky, Eorel-Onufrowdcz, 
Eoller, Oseretzowsky, Kramer, Held, Kolliker, and others). 
The statements vary greatly, hoAvever, as to the exact location of 
this cortical centre of hearing. Some investigators think that 
it is situated in the posterior portion of the first, or in the posterior 
tAvo-thirds of the first and second temporal convolutions; Lueiani 
found, however, that the cortical hearing centre extends far 

* Op. Bolitzer, Gesch. der Ohrenheilk., Ami. i., p. 295. 

t Cp. Baratoux, Uandiiion colors. Paris, 1S8S. 

t Cp. Binet, Revue des deux Mondes, 1892. 
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beyond this limit in an anterior and posterior direction. Goltz 
even discovered in dogs that no deafness resulted after the complete 
removal of both cerebral hemispheres. Alt and Biehl found that 
after the e.vtirpation of one temporal lobe both organs of hearing 
were affected — the collateral one in a higher degree. It could not 
be determined which of the temporal lobes was of greater import- 
ance — that is, as far as the hearing region is concerned. After the 
removal of both temporal lobes complete deafness sot in, which 
lasted ten to twelve days; after this there occurred a slow 
reaction to sound, which gradually increased. 

Eawitz [Morpliolog. Arhcitcn, vol. vi., 1896) found tlic right temporal 
lobe one-half, the left onc-thircl, its original size, in a dog with blue eyes' 
which was congenitally deaf. According to this author, this proves the 
statements of iMunh. On the other hand, Alexander (Gcniralbl. f. Physio- 
logic, 1899, vol. xviii.) found in a deaf albino cat retrogressive changes in 
the cochlea and in the auditory nerve, but no abnormal changes in the tem- 
poral lobes. Kalischcr {Preuss. AUad. d. WisscnscJiaft, 1907) found in dogs 
u’hich ivero trained to fixed tones (noises made by the mouth) that total deaf- 
ness for all tones Avas produced onlj' through bilateral destruction of the 
posterior corpora quadrigemina. Rottinann — ^who confirms in general the 
experiments of Kalischcr — found that after a long time the perception for 
Aveak sounds returned to the animals, and that only after destruction of the 
corpora gcniculata media the dogs remained absolutely deaf (Fers. deutscli. 
Nalurf. u. Arzte., Dresden, 1907). 

THE METHODS OF PHYSICAL EXAMINATION OF 
THE ORGAN OF HEARING. 

A, The Examination of the External Auditory 
Canal and Tympanic Membrane. 

Examination of the external auditory canal and of the tympanic 
membrane is indispensable for the diagnosis of diseases .of the 
ear. The membrana tympani is, in consequence of its anatomical 
position, in intimate relation Avith affections of the auditory 
canal and of the middle ear. The processes of disease in these 
parts cause changes in the membrana tympani which may be 
recognized by inspection, and enable one to draAv conclusions 
as to the pathological state of the external and middle ear; as 
experience shoAvs that diseases of the tympanic cavity most 
frequently form the basis of a disturbance of hearing, and are very 
often combined with changes on the membrana tympani, it can be 
seen that the condition of the latter is of great importance in the 
diagnosis of affections of the middle ear. 

In judging the pathological changes on the drum membrane, 
it must, hoAvever, be mentioned that in quite a few persons Avith 
normal hearing congenital or acquired changes are observed Avhich 
do not cause the least disturbance in hearing. On the other hand, 
hoAvever, in a considerable number of patients with a deafness of 
a high degree not the least change is found on the membrane. 
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The pathologioal changes on the dram do not allow us in every 
case to come to a conclusion as to the degi’ee of the disturbance 
of hearing. We ^Yill see that not infrequently extensive per- 
forations^ cicatrices, and chalk deposits are accoznpanied by 
only a slight degree of deafness; while, on the other hand, with 
slight deviations from the normal condition of the membrane, 
a high degree of deafness is often observed. 

It will be noted in a special chapter on middle-ear affections 
that those products of disease are most important which produce 
pathological changes at the labyrinthine windows and bring about 
a disturbance of hearing by diminishing the mobility and power 
of vibration of the ossicles. 

The most practical method of inspection, and the one universally 
used, is the examination with the solid funnel-shaped speculum 
and the concave head mirror used as a reflector, or we may obtain 
good illumination from an electric head light, the current of which 
is obtained from a small dry-celled pocket battery. Another 
practical instrument for aural examinations, and one extensively 
used, is the electric auriseope, Avith its small electric bulb, which 
receives its current from a small dry cell within its handle. This 
is particularly useful for bedside examinations and in such places 
where indirect illumination is impossible. The small magni- 
fying lens at the outer larger opening affords a magnified 
image of the drum and adjacent structures, so that one is 
more readily able to recognize the most minute pathological 
changes. 

Specula. — The solid funnel-shaped specula first introduced 
by Deleau and Ignaz Gruber, and somewhat modified in shape 
and size by Arlt, Toynbee, Wilde (Fig. 84), Ehrhard (Fig. 85), 
and Boucheron, consist of metal Ardth a polished or blackened 
interior. They are either funnel-shaped or like a truncated 
cone, and possess a round, oval, or oblique aperture at their 
extremity; their dissimilarity as Avell as their shaize is of little 
importance in the examination of the ear. 

riip vulcanite specula (Fig. 86) Avlvicli the author hitroduced into practice 
have the adA^antage of being considerably lighter, whereby they remain in 
the leguired position better than the heavy metal ones. Tlio black interior 
alloAvs the membrane to be more clearly seen than the polished interior of 
specula, as they do not have the annoying light-reflex. 

Ihe smaller openings of these specula are of four different sizes — namely, 
R r’ ® mm. and are thereby made to suit the individual variations in 
the size of the external meatus. 


Technic of Otoscopy,- — The head of the patient, Avho is seated, 
must be so placed during the examination that the oar to be 
examined IS turned away from the light, and the latter so 
adjusted that the rays Avhich fall on the concave head mirror 
are reflected directly into the meatus. 
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The pathological changes on the drum do not allow us in every 
case to come to a conclusion as to the degree of the disturbance 
of hearing. We will see that not infrequently extensive per- 
forations, cicatrices, and chalk deposits are accompanied by 
only a slight degree of deafness; while, on the other hand, with 
slight deviations from the normal condition of the membrane, 
a high degree of deafness is often observed. 

If will be noted in a special chapter on middle-ear affections 
that those products of disease are most important which produce 
pathological changes at the labyrinthine windows and bring about 
a disturbance of hearing by diminishing the mobility and power 
of vibration of the ossicles. 

The most practical method of inspection, and the one universally 
used, is the examination with the solid funnel-shaped speculum 
and the concave head mirror used as a rellector, or we may obtain 
good illumination from an electric licad light, the current of which 
is obtained from a small dry-colled pocket battery. Another 
practical instrument for aural examinations, and one extensively 
used, is the electric auriscopc, with its small electric bulb, which 
- receives its current from a small dry cell within its handle. This 
is particularly useful for bedside examinations and in such places 
where indirect illumination is impossible. The small magni- 
fying lens at the outer larger opening affords a magnified 
image of the drum and adjacent structures, so that one is 
more readily able to recognize the most minute pathological 
changes. 

Specula. — The solid funnel-shaped specula first introduced 
by Delcau and Ignaz Gruber, and somewhat modified in shape 
and size by Arlt, Toynbee, Wilde (Fig. 84), Ehrhard (Fig. 85), 
and Bouchoron, consist of metal with a polished or blackened 
interior. They are either funnel-shaped or like a truncated 
cone, and possess a round, oval, or oblique aperture at their 
extremity; their dissimilarity as well as their shape is of little 
importance in the examination of the ear. 

The vulcanite specula (Fig. SG) which the author introduced uito practice 
have the advantage of being considerably lighter, whereby they reinaiii in 
the required position better than the heavy metal ones. The black interior 
allows the membrane to bo more clearly secii than the polished interior of 
the metallic specula, as they do not have the annoying light-reflex. 

The smaller openings of these specula are of four different sizes — namely, 
2, 4, 6, and 8 mm. — and are thereby made to suit the mdividual variations in 
the size of the external meatus. 


Technic of Otoscopy. — The head of the patient, who is seated, 
must be so placed during the examination that the car to be 
examined is turned away from the light, and the latter so 
adjusted that the rays which fall on the concave head mirror 
are reflected directly into the meatus. 
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In order to insert the speculum into the external auditory 
canal, the auricle must be drawn backwards, upwards, and some- 
what towards the observer, with the left index and middle fingers. 
We do this in order to bring the axes of the osseous and carti 
laginous meatuses, which form an angle in their natural position, 
into a straight line, so as to obtain an unobstructed view of the 
membrane. 

The hard rubber, or slightly warmed metallic speculum, is 
then inserted so far into the cartilaginous meatus with a slight 
rotatory movement of tho thumb and forefinger of the right 
hand until the hairs, Avhich obstruct the view, are completely 
turned aside. The introduction of tho speculum, especially in 
old individuals, occasionally causes a troublesome reflex cough 



by irritation of the auricular branch of the vagus, and in rare 
cases fainting spells and epileptic convulsions. If the speculum 
has been inserted as far as the osseous meatus, which is recognized 
by a slight resistance, any attempt to push it further must be 
avoided in order to prevent painful pressure. The light is now 
thrown through the speculum into the auditory canal, and 
in order to view the different parts of the drum, it is necessary 
to vary the position of the speculum with the free left thumb. 

In spite of these precautions, we sometimes obtain an incom- 
plete view of the membrana tympani; this is due to various 
obstructions Avhieh lie either in the cartilaginous or in the osseous 
meatus. Among those the following may be mentioned: an 
abundant growth of hair extending into the osseous meatus; 
plugs of cerumen occluding the meatus, or adhering to the walls 
and narrowing its lumen; lastly, glistening epidermic scales, 
which are suspended in the canal as white membranes and 
bridges, and sometimes have the colour of mother-of-pearl. 

Large quantities of cerumen and detritus are best removed by 
softening and syringing. Fatty deposits, small quantities of 
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mucus, pus, and blood, may bo removed with small cotton 
tampons. Tho author recommends the use of his ear forceps 
for the removal of small particles of cerumen, detached epidermic 
scales and membranes. 

The hindrances to examination which arise from congenital 
stenosis of the nieatus, or from abnormal bulging of the anterior 
inferior wall of its osseous portion, are more important, because 
their removal is impossible. Such a constriction prevents the 
entire membrane from being sufficiently illuminated; when the 
anterior wall of the meatus is moro or less bulged, the view of 
the membrane is obstructed to such an extent that the portion in 
front of tho handle is either partially or completely hidden, and 
sometimes the handle is so completely masked that only a 
portion of the posterior superior quadrant of tho membrane can 
be seen. 

The pathologicar changes which render examination of the 
membrana tympani temporarily or permanently impossible 
are inflammatory afiections of tho lining membrane of the 
meatus, with SAvelling, infiltration and narroAving of the same, 
as well as accumulations of epidermis, pus and mucus, granula- 
tions, polypi and exostoses. 

Normal Condition of the Membrana Tympani. — The following 
points require our special attention in the examination -of the 
membrana tympani: colour, transparency, lustre, inclination, 
curvature, position of the handle and short process of the malleus, 
as well as Shrapnell’s membrane. The relation of these to each 
other constitutes tho characteristic picture of the normal as well 
as of the pathological drum membrane. 

Colour. — In reference to tho colour of the normal tympanic 
membrane, Ave must remember that it is a translucent, so-called 
cloudy medium Avhich reflects a portion of tho light throAvn 
upon it, and allows a portion to penetrate, thereby illuminating the 
tympanic cavity. A portion of this light, slightly Aveakenecl, 
is again reflected through tho membrane from the inner tympanic 
wall, and in this manner reaches our eye. The colour of the 
membrane is, therefore, composite, and depends on its intrinsic 
colour, the kind of light employed, and the quantity and colour 
of the rays reflected from the promontory. The nature of the 
light which is employed has a decided influence on tho colour 
of the membrane. 

The various segments of the membrane being at different 
distances from the inner tympanic wall, it follows that the indi- 
vidual parts of the membrane present different colours, even if 
the same light is employed throughout the examination. 

The colour of the normal membrane is a neutral or pearl gray, 
.with a slight brownish-yellow tinge. The gray is darkest in the 
anterior portion, at the angle between the manubrium and. the 
cone of light, and is of a lighter shade in the posterior part. 
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The colour of this latter portion is in some cases modified at its 
superior part by v. Troltsch’s pouch and the chorda tympani. 
They are situated on the inner surface of the membrane, and 
shine through translucent membranes as a slightly concave, 
whitish-gray opacity, extending backwards from the handle of 
the malleus. When the membrane is transparent, the lower 
part of the long process of the incus (Pigs. 87 and 88) is visible 
in the posterior superior quadrant behind the handle of the 
malleus; at times the posterior crus of the stapes and the tendon 
of the stapedius are also plainly discernible. The membrane 
appears slightly yellowish-gray behind and a little above the 
inferior extremity of the manubrium; this is brought about by the 
bone-yellow rays reflected by the promontory. This colour is 
often combined with a peculiar lustre, which arises from a moist, 
smooth spot of mucous membrane at the apex of the promontory. 
The recess or niche of the round window is represented by a dark 
spot in the posterior inferior quadrant of the membrane. 


Fia. 87 . — ^Normal Membrana 
Tympaxi of the Right Ear. 


Fig. 88. — Normal IVIembrana 
Tympani of the Left Ear. 


(Double the natural size.) 


Gomperz* described a rare condition of the membrana tym- 
pani in the form of a blue discoloration in its lower part; this 
reached to the umbo, and was caused by the bulbus vense jugu- 
laris bulging into the inferior part of the tympanic cavity. 

In examining the tympanic membrane, our attention is next 
drawn to the short process of the hammer (Pigs. 87 and 88), 
which protrudes outwards and forwards at the anterior superior 
pole of the membrane as a white, sharp or rounded protuber- 
ance. It is continuous with the manubrium, which extends, as a 
yellowish- white stripe, backwards, downwards, and inwards, and 
ends at the umbo in a gray spatula-like expansion. 

The umbilical opacity, or so-called ‘ yellow spot,’ minutely 
described by Trautmann, is caused partly by the radiating and 
descending fibres of Prussak at the umbo, and partly, as the 
author has shown, by the deposit of small cartilaginous cells 

* Wien. med. Wochenschr., 1895. 
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round the lower extremity of the manubrium. A linear opacity, 
corresponding to the annulus tendinosus, is often seen at the 
anterior inferior periphery of the membrane. 

Lustre. — The lustre of the membrana tympani is pronounced 
at the sharply defined triangular cone of light at its anterior 
inferior quadrant (Figs. 87 and 88). This light-reflex commences 
with its apex in front of the umbo, and enlarging as it extends 
forwards and doAvnwards, forms an obtuse angle with the handle 
of the malleus. The greater the inclination of the tympanic 
membrane to the axis of the auditory canal, the smaller will bo 
the angle formed by the handle of the malleus and the cone 
of light. 

The shape of this light-reflex exhibits manifold variations, 
Avhich are caused partly by the differences in the inclination of 
the membrane and partly by changes in its curvature. It is 
often interrupted in its continuity, and sometimes appears divided 
in its longitudinal or transverse direction; occasionally, how- 
ever, it may be delicately striped. This reflex rarely reaches to 
the periphery of the membrane, and often its anterior portion is 
effaced, so that only its apex is visible as a small, irregular, 
lustrous spot in front of the umbo. Bezold, in examining the 
membrane of persons with normal hearing, found this bright 
spot blurred in 86 per cent, of cases. The knowledge of all these 
variations in the normal state is of importance, because if not 
observed they might easily give rise to an erroneous diagnosis. 

In order to ascertain tire origin of the light-reflex, the author undertook a 
series of experiments (.d. /. O., vol. i.) on artificial drum membranes and on 
normal specimens, which showed that it was principally caused by the 
inclination of the membrana tympani and the concavity produced by the 
handle of the malleus. The curvature produced by tins inward traction 
induces such a change m the inclination of the membrane that its anterior 
part is placed opposite to our axis of vision, and the h’ght cast upon this 
segment is again reflected to our eye. The triangular shape of the cone of 
light is caused, accordhig to Trautmann, by the funnel-shaped inward 
curvature of the membrane. 

The form and size of the light-reflex suffer many changes 
through abnormal bulgings of the membrane in diseases of the 
middle ear, and are of diagnostic value if we have an oppor- 
tunity of observing these changes during the course of the 
disease. On the whole, however, these changes are of value 
only in conjunction with other symptoms, as similar alterations 
are frequently observed in persons of normal hearing. 

On the other hand, changes in its form which arise from variations of air- 
pressure in the tympanic cavity are of diagnostic importance, and can be used 
in many cases in determining the permeability of the Eustachian tube. If 
we therefore perceive an alteration in the cone of light after the condensation 
or rarefaetion of air in the tympanic cavity, we can say with certainty that 
the tube is permeable. But the absence of a change in the light-reflex does 
not permit us to come to a contrary conclusion, as often during rapid and 
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great changes in the air-pressure not the slightest motion of the membrane 
is visible, while a change in its curvature must have taken place, as was 
made evident by the motion of the drop of fluid in the manometrical tube, 
which had been hermetically introduced into the meatus (p. 59). 

We find other reflexes on the normal membrane besides this 
cone of light. Occasionally a faint lustre is seen on the posterior 
superior quadrant, and at times a small reflex on the short 
process of the malleus and in the depression of Shrapnell’s 
membrane. Another linear reflex must finally be mentioned, 
which is called by Bezold sulcus rejiex, and is located at the 
anterior inferior periphery in the groove formed by the mem- 
brane and the sulcus tympanicus. 

Inclination. — The inclination of the membrane in the living 
appears to be much less than in anatomical specimens. This 
is of great importance in judging changes on the membrana 
tympani, in considering its form and extent, and in operative 
procedures. Our judgment as to the inclination of the membrane 
is often so influenced by the jvidth of the osseous meatus that it 
appears more perpendicular in a wide than in a narrow meatus. 
As the author was first to point out, we see, in consequence of 
the marked inclination of the drum, the pathological changes 
perspectively shortened — that is, different than they really 
look when the membrane is seen as a flat surface in anatomical 
specimens. 

Curvature. — The curvature of the membrane is also important 
in judging pathological conditions. It varies in different indi- 
viduals just as does the inclination. Our judgment as to the 
degree of curvature in the living is likewise apt to be erroneous, 
inasmuch as it seems to be less concave than is really the case. 
According to the examinations of the author, the transparency 
of the membrane exercises an important influence upon our 
judgment as to its curvature. When the membrane is very 
transparent, it appears less curved; when it is very opaque, 
however, the funnel-shaped concavity on its external surface 
becomes more prominent. 

If we review the foregoing, the following structures are met 
with on the normal drum: (1) The short process of the malleus, 
projecting as a white spot at the anterior superior pole of the 
membrane (Pigs. 87, 88) ; (2) the handle of the malleus, a white or 
bone-yellow stripe, which arises from the former and extends 
backwards, downwards, and towards the centre of the membrane, 
to end in its broad, spade- like expansion; (8) the cone of light, 
triangular in shape, situated in front of, and below the extremity 
of the handle, with its apex at the umbo and its base directed 
forwards and downwards towards the periphery; (4) the anterior 
portion of the membrana tympani between the handle of the 
malleus and the cone of light, generally dark gray, and seldom 
seen in adults as far as the periphery, but in children in two-thirds 
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of the cases (Bezold); (5) the portion of the membrane behind 
the manubrium separated from the superior wall of the meatus 
by a light gray line. It appears larger and lighter than the rest 
of the membrane, and has its colour modified by the rays re- 
flected from the promontory. Sometimes the colour of this 
segment undergoes a change owdng to the long process of the incus, 
V. Trdltsch’s pouch, a jjortion of the chorda tympani, and, in rare 
cases, by the dark niche of the round window shining through. 

Pneumatic Speculum.— Wo must still add to the above 
the important method of examination with Siegle’s speculum, 
which is indispensable in the diagnosis of middle-ear affections.' 
This instrument (Fig. 89) differs from the ordinary speculum in 
that its wide end is closed by an obliquely-set glass plate which is 
inserted into the speculum as far as possible in order to avoid the 
annoying light-reflex. At the side of its broad portion a short 
nipple-like projection is found, to which a rubber tube, provided 



Fig. 89.— SnjGLE’s PimoaiATio Ear Speculum. 
(Speculum i size, air-bag size.) 


with a small air-bag, is attached. The hermetical introduction 
of this instrument into the external auditory canal, of which 
there are three sizes, is accomplished by an olive-shaped nozzle 
(Delstanche) or by covering the lower end of the speculum with 
a short piece of elastic tubing. In place of this speculum we 
may use the electric auriscope, Avhich likewise serves as a 
pneumatic speculum, and allows one also to condense and rarefy 
the air in the external meatus; instead of the plain obliquely set 
glass plate, there is a magnifying lens, which has the advantage 
of giving one an enlarged image of the drum. 

The examination is carried out in such a manner that the speculum, which 
is introduced into the meatus, is fixed with the left hand so that the reflex 
from the glass plate will not interfere with the view of the membrane. The 
membrane tympani is then illuminated with light reflected from the muror 
attached to the forehead, and the air in the meatus is alternately condensed 
and rarefied by means of the air-bag. In suppurative affections the outer 
surface of the glass plate should be warmed before the examination, in order 
to prevent the inner surface from becoming dim. 

When examining a normal membrane by this method, the greatest 
mobility is observed midway between the handle of the malleus and the 
periphery. The movement of the membrane is made most evident by the 
change in form of the cone of light, which becomes considerably smaller 
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during condensation. A distinct excursion of the handle of the malleus 
is simultaneously observed, and during eondensation either its inferior 
extremity, or the handle as a whole, moves backwards and inwards. This 
mobility is subject to manifold changes in diseases of the middle ear, 
inasmuch as it becomes completely or partially lost through thickening and 
inflexibility of the membrane, through adhesions of the membrane with the 
promontory, through rigidity and ankylosis of the maUeo-incudal articula- 
tion, or, finally, through adhesion of the head of the malleus to the superior 
tympanic wall. 

The pneumatic speculum, as Siegle had already demonstrated, 
is used with advantage in cases in which it is required to ascertain 
whether the mobility of the membrane is diminished through 
thickening of its layers, or whether its mobility is increased 
through atrophy and the formation of cicatrices; it is further- 
more of value to ascertain whether the drum membrane itself 
or parts of it are adherent to the inner tympanic wall. Exam- 
ination shows that those portions of the membrane which are 
united with this wall remain either immovable during condensa- 
tion and rarefaction of air, or exhibit only slight excursions, 
while those parts which are non-adherent show a considerable 
mobility. It can also be used with advantage in doubtful cases 
to establish the differential diagnosis between cicatrices and 
perforations of the drum membrane (Bloch). When the blood- 
vessels of the membrana tympani are markedly injected, we 
notice that their fulness disappears when the air is condensed 
with the pneumatic speculum, and that they return to their 
former state immediately after removal of the air-pressure. 

B. Methods of Examination of the Middle Ear. 

Those methods of examination which we employ in order to 
ascertain the condition of the Eustachian tube and tympanic 
cavity hold a prominent place in the practice of otology. By 
their aid we are able to obtain information as to the permeability 
of the Eustachian tube, the presence of pathologic conditions in 
the middle ear, and the state of the membrana tympani. These 
methods, however, are of still greater importance in the treat- 
ment of middle-ear affections, as they afford us a means of 
conducting therapeutic agents, such as compressed air, gases, 
vapours, or fluids into the tympanic cavity. These methods are : 

1. Valsalva’s Method. 

2. Catheterization of the Eustachian Tube. 

3. Politzer’s Method. Author’s method for effecting the 

permeability of the Eustachian tube. 

Before commencing the description of these methods it seems 
necessary, in order to estimate their therapeutic value, to make 
a few remarks about the mechanical action of compressed air in 
diseases of the middle ear. 
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Mechanical Action of Currents of Air introduced into the 
Tympanic Cavity in Diseases of the Middle Ear. 

The aim of the methods about to be described is to effect the 
permeability of the Eustachian tube for diagnostic purposes, and 
'to conduct compressed air into the middle ear in order to remove 
or lessen obstacles in the sound- conducting apparatus which 
impair the function of hearing. 

The effect of a current of air which is forced from the pharynx 
to the middle ear first acts upon the Eustachian tube, inasmuch 
as its walls, which lie in contact in the normal state, are forced 
apart, and its lumen widened. If the tube is narrowed by 
swelling and tumefaction of its mucous membrane, or by an 
accumulation of secretion, so that its pharyngeal orifice cannot 
be opened by an act of swallowing, its permeability and the 
uninterrupted communication between the tympanic cavity and 
the pharynx can be re-established by the forcible introduction 
of a current of air. By the action of such a current, the secretion 
deposited near the pharyngeal orifice is forced into the throat, 
while that in the superior portion of the tube is driven into the 
tympanic cavity. 

The effect of this current of air upon the Eustachian tube, 
which has become impermeable through swelling of its mucous 
membrane, is by no means temporary. Experience shows that 
the constricted tube is often permanently dilated by the pressure 
of the air on its walls, inasmuch as, through the repeated action 
of the air-current upon the hypertemic and swollen mucous 
membrane, the blood is gradually forced out of the dilated vessels, 
so that the SAvelling is lessened or entirely removed. 

Air forced into the tympanum causes the drum membrane to 
bulge towards the lumen of the external auditory canal. The 
malleus follows this motion on account of its intimate relation 
with the membrane, while the incus and stapes do so only to a 
slight degree. In diseases of the middle ear the membrana 
tympani and the ossicular chain are often abnormally retracted, 
and the propagation of sound thereby hindered. 'This can bo 
overcome by the forcible introduction of a current of air into the 
tympanic cavity, whereby the membrana tympani and ossicles 
are forced back into their normal position, and the abnormal 
tension of the sound-conducting apparatus is not only removed, 
but its power of vibration is partially or totally restored. 

We have learned from experience that where a marked degree oT 
deafness exists through closure of the Eustachian tube, a striking 
improvement takes place immediately after the propulsion of 
air into the middle ear. In a similar manner, through the forcible 
introduction of air into the middle ear, anomalies of tension in the 
sound-conducting apparatus which are caused by the inflexi- 
bility of the ossicular ligaments, by retraction of the tensor 
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tendon, and by newly-formed bands of connective tissue between 
the membrane, ossicles, and tympanic walls, are lessened or 
entirely removed, inasmuch as the tympanic membrane and 
ossicles are pushed outward and the tense ligaments and bands 
become stretched. 

The air-current, entering the tympanic cavity, exercises 
pressure not only upon the inner surface of the membrana 
tympani, but also upon the fenestrfe rotunda and ovalis. If the 
tissue closing the labyrinthine windows has heen made inflexible 
through inflammatory thickening, it will become relaxed by 
repeated application of the air-douche, and the sound conduction 
to the labyrinth will be thereby greatly improved. Variations in 
the air-pressure in the tympanic cavity have an important 
influence on the relative pressure in the labyrinth (p. 60). In- 
flammatory affections of the middle ear are frequently associated 
with increased pressure in the labyrinth, induced partly by the 
pressure of exudate on its two fenestras, and partly by increased 
tension in the sound-conducting apparatus. Therefore, a current 
of air forcing the membrana tympani, ossicles, and foot-plate of 
the stapes outwards will either lessen or entirely remove the 
abnormally increased labyrinthine pressure, as well as the sub- 
jective noises and disturbances of hearing accompanying it. 

Inflations into the middle ear exercise, furthermore, an im- 
portant influence upon the removal of secretion. This mechanical 
action of compressed air depends on the condition of the mem- 
brane — in other words, whether it is perforated or intact. The 
opinion that in non-perforative catarrhs the improvement in 
hearing following an air- douche is due to the removal of the 
secretion has been considerably modified by the results of the 
author’s experiments on human ears.* These experiments showed 
that the larger portion of the secretion, especially if tenacious, 
remained in the cavum tympani even when a strong current of 
air was used, and that the improvement in hearing immediately 
following the air-douche was brought about chiefly by the removal 
of the abnormal tension in the tympanic cavity. 

Thin fluid exudate in the middle ear is often partially or 
completely removed by an inflation of air if (as was shown by the 
author) the head of the patient is strongly inclined forwards and 
to the side opposite the affected ear. By this manoeuvre, the 
position of the tube, which is normally horizontal, and opens 
directly under the roof of the tympanic cavity, is so altered that 
the tympanic orifice, which now lies lower than the floor of the 
middle ear, comes to lie on a higher level than the pharyngeal 
orifice, so that when the tube is opened by an inflation, the fluid 
gravitates from the tympanic cavity into the naso-pharynx. 

There are a number of cases in which the exudate cannot 

* Ueber bewegliche Exsudate in der Trommdhohle. Wien. mcd. Presse, 
1869. 
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be removed by the repeated mechanical action of the air-douche; 
cure, nevertheless, takes place, and must be attributed to the 
absorption of the exudate, which is brought about by the re- 
establishment of the normal air-pressure in the tympanic cavity. 
In those secretory catarrhs accompanied by impermeabihty of 
the tube, the blood and lymph vessels of the mucous membrane 
are under a subnormal pressure owing to the rarefaction of 
the air in the tympanic cavity, thus causing a condition highly 
conducive to exudation. 

The author is of the opinion that, by propelling air into the 
tympanic cavity in these cases, the circulation in the blood and 
lymph vessels again becomes normal on the re-establishment of 
the normal air-pressure, and the absorption of the secretion is 
thus effected. He came to this conclusion from the observation of 
cases in which an acute inflammation of the middle ear, accom- 
panied by marked injection and opacity of the membrana 
tympani, had lasted for several weeks or months, and in which no 
increase in the hearing distance was observed previous to treat- 
ment. If, in such cases, an inflation was given, an immediate 
improvement in the hearing took place, and as this improvement 
steadily increased by the daily application of the air-douche, a 
striking change was generally observed in the membrana tym- 
pani. First, the injected radiating vessels disappeared, which 
was followed by the peripheral corona vascularis; then the 
membrane became more transparent, its lustre returned, and, 
with the improvement in hearing, the membrana tympani had, 
as a rule, regained its normal appearance. 

From these observations it is evident that the exudate which 
has become stagnant through closure of the tube, and the 
abnormally decreased air-pressure in the tympanic cavity, keep 
up the hyperaemia in the middle ear; this is made manifest 
by the dilated vessels on the external surface of the membrana 
tympani. The rapid disappearance of a long-lasting hypersemia, 
and hardness of hearing, after several applications of the air- 
douche, demonstrates its favourable effect in bringing about a 
normal condition of the circulation, and the absorption of the 
exudate in the middle ear. 

The effect of an inflation of air when the membrana tympani 
is perforated is essentially different. The secretion deposited in 
the tube and in the tympanic cavity will be expelled into the 
external auditory canal, and pus as well as mucus -are thus 
removed from the middle ear. The current of air has the same 
effect in removing exudate from the middle ear where the 
membrana tympani has been artificially perforated. 

The view that in perforative inflammations of the middle ear purulent 
secretion is driven into the mastoid cells by the air- douche has been disproved 
by Michael (n. f. 0., vol. xi.), who demonstrated experimentally that the 
secretion is always expelled into the external meatus. 
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1. Valsalva’s Method. 

Valsalva’s method consists in condensing the air in the naso- 
pharynx by a strong act of expiration with the mouth and 
nostrils closed, whereby the walls of the Eustachian tube are 
separated and the air is forced into the tympanic cavity. 

The manometric expiratory pressure in the naso-pharynx 
produced with closed nostrils varies according to the age of the 
individual, and according to the strength of the expiratory 
muscles. 

In performing Valsalva’s method its effect is influenced by the 
condition of the Eustachian tube and the state of the membrana 
tympani. As the walls of the Eustachian tube lie more or less 
in contact in the normal state, the expiratory pressure necessary 
to force air into the middle ear must consequently be greater 
the closer its walls lie in contact. The membrane also forms a 
marked barrier to the air entering the tympanic cavity, inasmuch 
as a considerable pressure must be brought to bear in order to 
overcome the resistance of the normally retracted membrane 
and to force it towards the external auditory canal. 

The entrance of air into the tympanum during this method 
can be proved by inspection of the membrane, and by ausculta- 
tion. By inspection we notice an outward movement of that 
part of the membrane situated between the handle of the 
malleus and the periphery. A- diminution in the size of the 
cone of light will also be noticed, inasmuch as it becomes . 
shorter and narrower, and in rare cases may even disappear. 
Not infrequently a slight excursion, outwards and forwards, 
of the inferior extremity of the manubrium takes place, but 
often all evidence of motion of the membrane is lacking during 
the application of this method. 

The air forced into - the tympanic cavity produces a noise 
which can be heard by placing the ear against the concha of 
the patient, or, better still, with the auscultation tube as pro- 
posed by Toynbee (Otoscope, v. Catheterization of the Eustachian 
Tube). 

According to the experiments which were carried out by the 
author on fresh specimens of the ear, it was shown that this 
short puffing sound is caused by the outward movement of that 
portion of the membrane between the handle of the malleus and - 
-the periphery. It is often preceded by a weak murmur due to 
the friction of the air in the Eustachian tube, and is generally 
designated as ‘ the sound of concussion of the membrana tym- 
pani.’ The short puffing sound is therefore produced by the 
movement of the membrane itself, and ought to be called ‘ the 
bulging noise of the membrana tympani.’ 

Since the Valsalvan method has often proved insufficient in 
forcing air into the middle ear of healthy individuals on account 
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of its low pressure, it has proved of still less value in diseased 
conditions. Hartmann found that even if there was a slight 
swelling of the mucous membrane of the tube, as often occurs 
in naso-pharyngeal catarrhs, the manometric pressure had to 
rise to 100-120 mm, Hg before the Valsalvan method was 
successful. A considerable increase in pressure is required in 
those affections of the middle ear accompanied by marked 
swelling of the tubal mucous membrane, inasmuch as this acts 
as an obstruction to the current of air, and often cannot be 
overcome even by the greatest expiratory pressure. 

This is especially the case in those affections of the middle 
ear which run their course without perforation of the mem- 
brana tympani. Besides the obstructions in the tube, such 
as swelling, plugs of mucus and crusts and connective-tissue 
strictures, the difficulty of forcing air into the middle ear is also 
increased by the accumulation of secretion in the tympanum, by 
the tension of the membrana tympani, and by the firm adhesion of 
the walls of the tube caused by rarefaction of the air in the cavum 
tympani. It must, however, be mentioned that the Valsalvan 
method is successful in some rare cases in which air cannot 
be forced into the tympanic cavity, or only with difficulty by 
catheterization or by the author’s method. 

In that group of affections of the middle ear, however, in which 
the membrana tympani is perforated, the Valsalvan method may 
frequently be used for the purpose of diagnosis. In such cases, 
the resistance of the membrane is absent, and a counter-opening 
is thus formed in the tympanic cavity, which considerably 
facilitates the entrance of air through the tube. Although 
in many cases of perforation of the membrane the exit of the 
air through the meatus during the Valsalvan method is accom- 
panied by a perceptible sound, it must not be inferred from the 
absence of this noise that the membrane is intact, inasmuch as 
extensive swelling of the tubal mucous membrane, granulations 
and inspissated secretion in the cavum tympani and in the 
external auditory canal, can also prevent the entrance of air into 
the middle ear. 

If we review the foregoing, it is evident that the Valsalvan 
method can be used only in a small number of cases as a means 
of diagnosis. If it gives a positive result, we may generally infer 
that the mechanical obstruction in the Eustachian tube is slight; 
if, however, the result is negative, we may assume, in cases in 
which the membrane is intact, and especially in perforative 
inflammations of the middle ear, that there is an obstruction in 
the Eustachian tube or in the middle ear. Erom the author’s 
experience, these results are quite important as regards^ prog- 
nosis; for in inflammations of the middle ear accompanied by 
swelling and secretion the prognosis, in regard to the rapid 
removal of the pathological changes, will, on the whole, be more 
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lavourable in cases in which the permeability of the tube can be 
effected by the Valsalvan method than in those in which the 
application of the catheter or the author’s method is necessary. 
We therefore always begin the examination of the middle ear 
with the Valsalvan method, and follow it by the application of 
the author’s method and catheterization. 

The therapeutic value of the Valsalvan method will be dis- 
cussed in the chapter in which the effects of the methods enu- 
merated at the beginning of this chapter are compared. 

We must still mention Toynbee’s experiment. It consists in performing 
an act of swallowing with closed nostrils, whereby a feeling of fulness in 
the ears is experienced, which was erroneously attributed by Toynbee to 
condensation of the ah’ in the middle ear. This experiment is, however, of 
little value, because the auscultatory cracking sound heard in the normal 
ear is often absent, but is frequently audible in pathological cases, in spite 
of the impermeability of the tube. This experiment is equally unreliable 
for purposes of inspection, because in normal ears every evidence of move- 
ment of the membrane may be wanting, and, conversely, movements of the 
membrane may be perceived with impermeability of the tube and with 
secretion in the tympanic cavity. 


2. Catheterization of the Eustachian Tube. 

This method consists in the introduction of an Eustachian 
catheter into the tube, either through the nose or more rarely 
through the mouth, and is one of the most important pro- 
cedures used in diseases of the ear. By the use of the catheter, 
we, gain more reliable information as to the state of the middle 
ear than with' the other methods of examination. It is also 
indispensable as a means of conducting vapours or fluids into 
the tympanic cavity for therapeutic purposes. Owing to the 
importance of this subject, we will first describe the anatomical 
structures of the naso-pharynx met with in performing catheter- 
ization.* 

The Topography of the Pharyngeal Orifice of the Eustachian 

Tube. — The pharyngeal orifice of the Eustachian tube (Fig.- 90, Ji) is situated 
on the lateral wall of the naso-pharynx, nearly on a level with the horizontal 
prolongation of the inferior turbinated bone. It is an oval depression, bounded 
in front by an ill-defined swelling, above and behind, however, by a strong, 
firm lip projecting towards the pharynx. The anterior lip is separated from 
the lateral wall of the nose by the sulcus nasalis posterior. An extensive 


* The discovery of catheterization was first ascribed to a postmaster named 
Guyot, who, in a report sent to the Paris Academy, 1724, gave an account of 
his own cure by means of a tube introduced into the Eustachian tube through 
the mouth. Catheterization through the nose was first performed by Archi- 
bald Cleland, but, according to the French, by Petit. The diagnostic and 
therapeutic importance of catheterization was first demonstrated by Saissy, 
Itard, and Deleau; later by Kuh, Kramer, Cerutti, and v. Troltsch, and the 
indications for its use were at the same time established (c/. A. Politzer, 
Ges. d. 0/ire?i/t., vol. i., p. 321). 
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fold, the plica salpingo-pharyngea, extends from the posterior lip to the 
superior portion, of the arcus palato-pharyngeus. 

RosenmiiUer’s fossa {g) lies between the posterior lip ot the tube and the 
posterior pharyngeal wall; it is rich in glandular tissue, and is subject to great 
individual variations in size. Chronic naso-pharyngeal catarrhs often give 
rise to cystic hypertrophy of the adenoid tissue and the formation of large 
gaps and bridge-like bands which may hold the beak of the catheter upon 
its removal. The distance of the orifice of the tube from the posterior 
pharyngeal wall will, therefore, not only vary in different individuals (average 
rS cm., L. Mayer), but will also depend on the degree of swelling, hyper- 
trophy, or growth of the mucous membrane of the naso-pharynx. Tor this 
reason, the distance of the pharyngeal orifice of the tube from the posterior 
pharyngeal wall cannot bo used as a safe guide for the introduction of the 
catheter into the tube. 



W'" 

Tig. 90. — ^Vertical Section op the Naso-pharynx ivitu the Catheter 

INTRODUCED INTO THE EuSTACHIAN TUBE. 

a. Inferior turbinated bone; b. Middle turbinated bone; c, Superior turbinated 
bone; d. Hard jDalate; e, Velum palati;/. Posterior pharyngeal wall; g, Rosen- 
muller’s fossa; h, Posterior lip of the orifice of the Eustachian tube. 

The velum palati (c), which in the living arches upwards above the level 
of the hard palate, is situated below the orifice of the tube. The muscles 
extending from the tube and palatine arches give it a considerable degree of 
mobility, tension, and resistance. Every movement of the velum palati is 
associated with a simultaneous movement of the cartilagiao-membranous 
part of the Eustachian tube; if the catheter comes in contact with the velum, 
or is introduced into the tube, its posterior extremity undergoes a perceptible 
change of position with every motion of the soft palate. 

The three turbinated bones and the nasal septum deserve our attention on 
account of their relation to the Eustachian tube. The superior turbinated 
bone (c) is short and narrow, while the middle (6), and especially the inferior 
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(a), project further into the nasal cavity. Below these bones, and betweeen 
them and the lateral wall of the nasal cavity, the three nasal meatuses are 
situated, the lowest of which is of special importance in catheterization. 

The distance of the ostium pharyngeum tubes from the 
entrance into the nose is just as variable as the distance of the 
former from the posterior pharyngeal wall. As a general rule, 
this distance is less in females than in males; it is also subject 
to great variations in different skulls, inasmuch as it is usually 
greater in the prognathous than in the orthoprognathous type. 
Therefore, the distance from the nasal entrance to the pharyngeal 
orifice of the tube cannot, as has been proposed by Sabatier, be 
used as a guide in catheterization. 

In' performing catheterization, we must especially observe the 
frequent congenital and acquired deformities of the nasal septum 
and of the turbinated bones, as well as the obstructions caused 
by disease, which will be described later. If a considerable 
number of skulls are examined, it will be found that the nasal 
septum is seldom perpendicular; it is generally more or less 
deviated* to one side (more frequently towards the left), through 
which one half of the nose is greatly narrowed, while the other 
is correspondingly widened. In like manner, the permeability 
of the nose is often impaired by the excessive development of 
the middle, but more often of the inferior turbinated bone. 
This impermeability is more pronounced if an enlargement of the 
turbinated bones is associated with a deviation of the septum 
towards the same side, and there is at the same time a large 
nasal spine on its lower part. 

Choice of Catheter. — ^The author invariably uses the smooth, hard 
rubber catheter, rounded at the end, and introduced into practiee by him 
(Fig. 90a). Its length is 13-16 cm.,f the length of the beak 2-2| cm., 
and its curvature 145°. A metal ring attached to the widened extremity 
corresponds with the concavity of the curvature of the beak, and indicates 
the direction of the point of the catheter when the instrument is in the 
naso-pharynx. As a rule, patients prefer a vulcanite to a metallic catheter. 
The unpleasant sensation caused by the contact of the latter with the mucous 
membrane is not experienced when using the vulcanite instrument. More- 
over, when we 'meet with obstructions in the nose, the metallic catheters cause 
pain by pressure upon the rigid walls of the nasal passage; while those made of 
vulcanite, by reason of their elasticity, follow the curvature of the nasal cavity 
more easily. This moderate degree of elasticity, however, by no means 
impairs the firmness of the instrument, which is necessary to enable the prac- 
titioner to feel the sliding of its beak over the posterior lip of the tubal orifice, 
as well as the resistance offered by the posterior margin of the nasal septum. 


* Theile found the septum deviated 88 times in 117 skulls {Zeitsclirift f. 
rat. Med., vol. vi.). 

t The shorter catheters, as proposed by Lucae, have the advantage that 
they offer less resistance to the air passing through them; but when made 
of vulcanite they do not possess the same fiexibility as the longer ones. The 
elastic catheters of Bonnafont and Rau have not been favourably received in 
practice owing to their great flexibility. 
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The objection that vulcanite catheters are easily broken is 
overruled by the fact that forced catheterization is never 
permissible. 

It would bo very desirable if catheters of a standard size 
could be hitroduced into general practice. The author uses 
catheters of four sizes, of which the diameter of the thickest, 
No. 4, is 3i mm.. No. 3, 3 mm., No. 2, mm. (most com- 
monly used), and the thinnest. No. 1, lirnm.; the thiclmess 
of their walls is \ mm. The catheters with an oval opening 
at the smaller end, which the author has lately introduced 
into practice, have the advantage that they fit more closely 
in the slit-lilte aperture of the tube; air and fluids can, there- 
fore, be more forcibly injected into the middle ear than with 
the catheters with a round opening heretofore used. The 
long diameter of the oval opening is pei^endicular to the 
curvature of the catheter. 

The average curvature of the catheter as given above (145°) 
is not applicable for all cases. Where there are obstructions 
in the nasal and iJost-nasal cavities, which increase the 
difficulty of introduemg and turning a normally curved 
catheter, it is necessary to change the angle of curvature 
either by gently warming it over a flame or by dipping it 
into warm water. The therapeutic effect of such slightly 
curved catheters is much less, as tlio point cannot be intro- 
duced far enough into the Eustachian tube. 

On the other hand, it is occasionally necessary to use 
catheters with a long and strongly- curved beak. The appli- 
cation of such catheters is limited to those cases in which 
the permeability of the Eustachian tube cannot be attained 
with the ordinary catheter on account of marked resistance, 
or in those cases in which it is desired to inject large 
quantities of fluid into the middle ear. Tho deeper the 
point of tho catheter is inserted into tho tube, the more 
easily ivill air and fluid pass tlnough its narrowest part into 
the cavum tympani. 

Tho possibility of transmitting syphilis or other infection 
by means of tho catheter necessitates the greatest care. In 
the author’s practice a catheter is put aside for each patient, 
which is used thi-oughout tho course of treatment. Every 
busy practitioner ought to observe this precaution, not only 
to ensure the absolute safety of the patient, but also to lay 
aside ail possible fear of infection. Tho instrument should 
be thoroughly sterilized immediately after use. 

Technic of Catheterization. — Of the numerous 
methods of catheterization, two deserve a detailed 
description. These methods have fixed anatomical 
landmarks for the introduction of the catheter into 
the tube, and, from the author’s experience, are 
not only the safest for the practitioner, but can 
also be substituted one for the other. These anato • 
mical guides are the posterior lip of the tube with 
its rigid posterior fold (plica salpingo-pharyngea), 
and the posterior margin of the nasal septum. 
Catheterization must be performed with the greatest care and 
consideration, in order to spare the patient every painful sensa- 
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tion. It is, in the opinion of the author, of the greatest import- 
ance that this procedure should be carried out in the sitting 
position. The patient sits facing the physician, on a chair with 
a high back, so that the head cannot recede too far while perform- 
ing the operation. To introduce the catheter with as little 
unpleasantness as possible, the point of the nose is turned up 
with the thumb of the left hand, and the head steadied by placing 
the remaining four fingers against the forehead. The larger 
extremity of the catheter is then seized, like a pen, with the 
thumb and forefinger of the right hand, and is slightly depressed 
while the beak is introduced into the nasal cavity. The point of 
the smaller end is applied to the nasal floor, and the larger 
extremity is raised until the instrument is nearly in a horizontal 
position; it is then pushed backwards while the beak is kept 
constantly in contact with the floor of the nose. When the nasal 
cavity is normal, the catheter passes between the turbinated 
bones and the nasal septum, without any noticeable change in 
its original position, and then glides over the superior surface of 
the soft palate to the posterior pharyngeal wall. During this 
entire manipulation the catheter must be held as loosely as 
possible, so that its beak may easily evade any obstruction and 
the patient be spared any unnecessary pain. 

First Method. — The posterior lip of the tube is used as the 
anatomical landmark in this method. When the catheter has 
reached the posterior pharyngeal wall, its beak is turned out- 
wards, and gently forced into Eosenmiiller’s fossa. The catheter 
is then withdrawn with moderate rapidity, while its larger, free 
extremity is somewhat raised and pressed against the nasal septum. 
Thereupon the beak is felt to glide over the hard posterior lip 
of the tube, which projects from the lateral pharyngeal wall. 

After the point of the catheter has passed the posterior lip, it 
has arrived at the pharyngeal orifice of the Eustachian tube. 
To insert the beak into the tube, we turn the instrument outwards, 
so that the metal ring at its larger extremity points towards the 
outer canthus of the eye, or towards the pupil of the same side. 
This direction of the beak corresponds, as a rule, with the axis 
of the Eustachian tube. By pushing the catheter gently back- 
wards, it is possible to force the beak deeper into the canal. 
Sometimes the catheter is also in the correct position when the 
metal ring is horizontal. This is known as the Bonnafont or 
Kramer method. 

Second Method. — The posterior edge of the nasal septum is 
taken as the anatomical guide in this method, which was pro- 
posed. by Lowenberg.* 

After the catheter has been introduced as far as the posterior 
pharyngeal wall, in the same manner as in the previous method, 
its point is not turned outwards, but inwards, towards the orifice 
* Arch. /. Ohrenh., vol. ii., p. 127. 
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of the other Eustachian tube; it is now brought into a horizontal 
position, which is recognized by the corresponding position of the 
metal ring. The larger end of the catheter is then moved slightly 
outwards, and gradually withdrawn until its beak has reached 
the posterior margin of the nasal septum. With moderate 
traction, a slight resistance is felt at this place, which prevents 
the further withdrawal of the catheter, and is due to the curvature 
of the beak encountering the posterior margin of the septum. 
Drawing the catheter too strongly against this slight resistance 
often interferes with the success of this method. The catheter 
is now moved towards the nasal septum, and is held with the 
thumb and forefinger of the left hand close to the point of the 
nose; the beak is then directed downwards and rotated 180° on 
its long axis. In this manner, the point of the beak is inserted 
into the pharyngeal, orifice of the tube, provided that it is 
not displaced backwards or forwards during the rotation, and 
that no deformities exist in the posterior portion of the naso- 
pharynx and in the neighbourhood of the tubal orifice. Some- 
times the tightly stretched velum palati oft'ers great resistance to 
the downward rotation of the catheter, whereby, through in- 
sufficient fixation of the instrument, its point is forced backwards 
and its introduction into the tubal orifice is prevented. If the 
instrument has entered the orifice, it is now in its proper position 
and fixed as in the previous method. 

Fixation of the Catheter. — After the catheter has been intro- 
duced into the tube — a fact which can be ascertained by the 
auscultation sound of an inflation of air — it is seized immediately 
in front of the nose with the thumb and forefinger of the left 
hand, and firmly fixed in this position by gently resting the 
remaining three fingers on the bridge of the nose (Eig. 91). 

In reference to the advantages and disadvantages of both 
methods, stress must be laid on the fact that Bonnafont’s 
method is impracticable in cases in which the posterior lip of 
the tube is flattened or absent, either through ulceration, cica- 
tricial formation on the lateral pharyngeal wall, senile atrophy, or 
through disappearance in consequence of chronic catarrh. It is, 
furthermore, impracticable where the catheter cannot be brought 
near the posterior lip of the tube on account of abnormalities of 
the turbinated bones and of the septum. The execution of this 
method is also made difficult if the posterior lip of the tube cannot 
be found, in consequence of marked swelling in the posterior 
pharynx, or through granulations, adenoids, and new growths. 

In such cases catheterization can be carried out mop quickly 
and safely by the Ldwenberg method. Although this method 
has been used by Frank, Ldwenberg and Giampietro, only m 
rare cases, the author has found* it to be an excellent method for 

* Zur Teclmih des GatheterEmus der Ohrtrompite. Wien. med. Presse, 
1872. 
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general use, as the skill necessary for its execution is more readily 
acquired than that of the other methods. But, on the other hand, 
it must be mentioned that it is impossible in some cases, even 
when the naso-pharynx is normal, as well as when there are 
obstructions in its posterior part, especially when there are defects 
of the nasal septum, to introduce the catheter into the Eustachian 
tube by this method, while it is effected without the least diffi- 
culty by the procedure first described. The value of these two 
methods lies principally in the fact that in many cases one supple- 
ments the other. 

Other Methods of Catheterization. — In the extensively used 
method of Eiramer, the catheter is pushed (according to the description of 
V. Troltsch’s, loc. cit., p. 202)* to the posterior pharyngeal wall, and is Avith- 
draAvn 2-3t cm. inches); the beak, directed dowmvards, is then rotated 



Fig. 91. — ^Fixation of the Catheter avith the Left Hand after haaung 

BEEN INTRODUCED INTO THE EUSTAOHIAN TUBE, 


5 of a circle outAvards and upAvards, Avhereby it ought to enter the orifice of 
the tube. The inefficiency of this method is best shoAvn by the remarks of 
V. Troltsch, Avho points out that the instrument is either Avithdrawn too much 
or too little; in the latter case it Avill enter RosenmiiUer’s fossa instead of 
the Eustachian tube. 

In cases of great irritability of the soft palate and of the mucous membrane 
of the pharynx, catheterization after the above methods often produces 
spasmodic coughing and vomiting, Avhich interfere Avith the execution of the 
operation. The folloAving method can be recommended as most useful in 
such cases: The catheter is introduced Avith its point on the floor of the 
nose,' and AvhUe being pushed baclnvards it is gradually turned outAvards 
before it leaves the hard palate; by this manipulation the metal ring assumes 
an almost horizontal position. If the instrument is pushed backwards 
in this position, its point Avill' enter the orifice of the tube Avithout touch- 
ing the soft palate, and Avill be prevented from reaching Rosenmiiller’s 
fossa by the posterior lip of the tube. The author very often applies this 


* This method differs from the description in Itramer’s Die Erlcenntniss 
und Heilung der Olirenhranklieiten (1849, p. 484) in so far as mention is made 
of the sliding over the lip of the tube. 
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modification m a normal state of the naso-phai’ynx. In the method of 
Boyer and Gairal the beak of the catheter is turned 90° outwards after it 
has passed the inferior meatus; it is then pushed slightly outwards and 
upwards until its point enters the ostium pharyngeuni tubaj. This method 
can be recommended only to skilled practitioners. The method recommended 
by Itard takes the distance between the anterior border of the alveolar process 
of the superior maxilla and the posterior border of the hard palate as a land- 
mark, inasmuch, as this is supposed to correspond to the distance between 
the orifice of the nostrils and that of the Eustachian tube; this method is 
decidedly mferior to the other methods, as its accomplishment is often 
uncertain. 

A method, already described in the older works on ear diseases (Lincke, 
vol. iii., p. 359; and Eau, p. 117), consists in advancing the catheter to the 
posterior pharyngeal wall with its point directed downwards; it is thenwith- 
dra-wn until its beak meets with resistance at the soft palate, whereupon it is 
rotated outwards 5 — J of a circle, and sKould enter the orifice of the tube. 
Catheterization by this modification, as with any other method, can be per- 
formed only after long practice. It does not alTord the same certainty to the 
inexperienced as the first described methods, firstly, because the position of 
the soft palate varies considerably, and, secondly, because its variable tension 
and resistance yield more or less readily to the pressure of the beak of the 
catheter. 

Mistakes in Catheterization. — ^The following may be mentioned as 
some of the mistakes which hapjicn even under normal anatomical con- 
ditions, and which prevent the success of the operation: 

1. The point of the catheter is not applied to the floor of the nose, but is 
pushed into the middle meatus, and detained there so tightly that its beak 
cannot be turned towards the pharyngeal orifice of the tube. 

2. The catheter is correctly introduced to the posterior pharyngeal wall, 
but, on withdrawing, its larger end is not raised sufficiently, whereby its 
pomt reaches above the pharyngeal tubal orifice instead of gliding over the 
posterior lip. 

3. The point of the catheter is correctly introduced into Kosenmuller’s 
fossa, but, upon withdrawmg, the posterior lip of the tube or a bridge of 
mucous membrane offers such a resistance that it may lead to the belief that 
the instrument is detained in the tube. 

4. The beak of the catheter is di’awn over the posterior lip of the tube, but 
instead of performing rotation immediately after its point has slid over the 
lip, which is necessary for its entrance into the tube, it is withdrawn still 
further. In this case, the point of the catheter is detamed by the posterior 
extremity of the inferior turbinated bone, which may also give rise to the 
erroneous assumption that the instrument is m the tube. 

5. The instrument is not turned sufficiently towards the Eustachian tube 
after it has passed the posterior lip; its point thus finds itself in the tubal 
orifice, but the direction of its beak does not correspond with that of the 
Eustachian tube. In hire maimer, if the beak of the catheter has not been 
inserted far enough into the canal, it may slip out tlurough excessive rot^ion 
outwards and upwards. The point of the instrument will then have been 
directed towards the superior pharyngeal Avail, Avhich is made evident by the 
vertical position of the metal ring. 

Modifications of Catheterization in Cases of Congenital or 
Pathological Obstacles in the Naso-pharynx. — ^Besides the 
congenital anomalies already described, one not infrequently 
observes pathological obstructions in the naso-pharynx, Avhich 
either make catheterization diflicult or impossible. The follow- 
ing must be mentioned: deformities due to traumatic affections 
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of the nasal septum and of the turbinated bones; strictures of 
the nasal cavity from ulceration and caries; hyperostosis of the 
superior maxilla (Moos); polypi; cancer; sarcoma; adenoid 
vegetations in the naso-pharynx; concretions; and, lastly, 
temporary and not infrequent excessive swelling of the nasal 
mucous membrane. 

The possibility of catheterization in the presence of such 
anomalies dej)ends principally on the degree of stricture in the 
nasal cavity. If, during the introduction of a thick catheter, an 
obstacle is encountered which cannot be overcome by turning 
the instrument slightly to one side, a smaller catheter should be 
chosen. If the latter cannot be advanced, the operation must 
be attempted with a catheter the beak of which is less curved. 
The instrument having arrived at the place of obstruction, it is 
not advisable to force it further, as not only unnecessary pain is 
caused, but the nasal walls may also be injured. In order to 
overcome the obstruction, it is advisable to rotate the beak 
outwards, more rarely inwards, and at the same time to advance 
the instrument gently. The catheter will often execute a com- 
plete rotation during this manipulation, and cases frequently 
occur where two rotations of the instrument are necessary to 
effect a passage through the various obstructions in the nose in 
order to reach the posterior pharyngeal wall. If the obstruction 
is in the anterior portion of the nose, it can easily be discovered 
by examining the cavity with reflected light. It will often be 
perceived that the septum (spina nasalis), deviated strongly to 
one side, is in contact with the turbinated bones. In like manner, 
tumours and polypi in the anterior and middle portions of the 
nasal cavity can often be recognized. In cases, hoAvever, in 
which the stricture lies in the deeper portions of the nose, which 
cannot be immediately seen, one can come to a conclusion as 
to the cause and extent of the obstruction only after a thorough 
examination. 

When one side of the nose is absolutely impermeable, it is 
recommended to perform catheterization from the other side, 
and if both nasal passages are occluded (occlusion of the choanse, 
Schwendt), one may try to introduce the catheter through the 
mouth. Since the introduction of the author’s method into 
practice, and where it is desired only to introduce air into the 
middle ear, these modifications have become unnecessary. 
The above modifications should be used only in cases in which 
the permeability of the tube cannot be effected by the Valsalvan 
experiment or by the author’s method, or in which the injection 
of fluids into the middle ear or the introduction of bougies into 
the tube is indicated. 

Catheterization of the Eustachian Tube from the Oppo- 
site Nasal Passage. — This method was first proposed by Deleau,* 

* EeviieMedicale, 1827 . 
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and described by Cerutti,* as a generally applicable method in 
order to save the patient the unpleasantness of introducing 
the catheter through both nasal passages; it may be performed 
with an ordinary instrument in case of a narrow pharynx, or 
even in one of normal dimensions; in a spacious naso-pharynx 
it can only be accomplished with a catheter, the beak of which is 
20-25 mm. in length.f The method of procedure is as follows: 
The catheter is introduced as far as the posterior pharyngeal 
wall, and its point rotated towards the opposite Eosenmuller’s 
fossa until the metal ring assumes a horizontal position. There- 
upon the point of the catheter is forced into Eosenmuller’s fossa 
by moving its free end away from the nasal septum towards the 
ala of the nose; it is then conducted into the orifice of the tube 
by traction over its posterior lip, and is pushed into the canal by a 
gentle movement backwards. The fixation of the instrument in 
this position is also best accomplished with the thumb and fore- 
finger of the left hand, the other fingers being laid on the bridge of 
the nose. It is often possible to bring the point of the catheter 
into the opposite ostium tub® if one, after catheterizing, for 
example, the left side, rotates it to a horizontal position towards 
the right side without moving the instrument forwards or back- 
Avards. 

Catheterization from the Mouth. — ^Tlie indications for this method 
reconnnended by Stork, Pomeroy and Kessel are very limited. This opera- 
tion is only performed when both nasal passages are impermeable, or when 
with impermeability of one side catheterization from the other side is found 
to be impossible. The author also uses this modification in cases of cleft 
palate, whether the orifice of the tube is visible through the gap or not. _ As the 
destructive processes in the palate are mostly combined with ulceration and 
deformities in the nasal cavity, the tube Avill generally be reached more easily 
from the mouth through the gap in the palate than through the nose. 

The catheters used in this modification are of a somewhat thicker calibre. 
The ordinary curvature of the beak will generally suffice in cases of cleft 
palate. When the palate is intact, the catheter is introduced into the 
Eustachian tube in the following manner: It is placed upon the tongue 
(which is at the same time depressed), and is pushed to the posterior 
pharyngeal wall; behind the soft palate the point of the catheter is turned 
upwards, towards the lateral pharyngeal wall, and advanced as far as Rosen- 
miiUer’s fossa. The instrument is now withdrawn until its point arrives at 
the orifice of the tube, which fact is recognized by the sensation of the instru- 
ment gliding over the posterior lip. By a slight movement backwards, the 
beak of the catheter is forced into the Eustachian canal. In those cases m 
which we can see the fold of the posterior lip running downwards, the ostium 
pharyngeum tub® can be reached by simply placing the point of the catheter 
immediately in front of the superior part of this fold. 

* Nuova osservazione delV Cateterismo della tuba Bust, destra dalla narice 
opposita. Gaz. med. italiana Stati Sardi, 1858. 

t The vulcanite catheters can be made very soft by warming them over a 
flame or dipping them into hot water for a few seconds; they must now be 
lengthened and curved as quickly as possible to the desired form, as tliey 
harden rapidly, and possess a considerable advantage over the stiff, intlexib e 
metal instruments. 
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In irritable conditions of the pharynx, catheterization through the mouth is 
rendered difficult and often quite impossible by continued choking and 
retelling. The application of a solution of cocaine to the surrounding 
parts greatly facilitates the operation. 

In spite of the frequent congenital and acquired anomalies in 
the naso-pharynx and nose, cases are rarely met with in which 
catheterization through the nose is absolutely impossible. 
Other causes are much more frequently met with in which, even 
with a normal naso-pharynx, insurmountable difficulties occur 
in carrying out this operation. This is especially true of children, 
who, almost without exception, rebel against this procedure. 
Adults often obstinately oppose catheterization, and not only 
nervous women and old persons, but even strong men, who are 
not very sensitive, display an aversion to this operation. It 
goes without saying that catheterization is contra-indicated in 
continued fever, weakness, and irritability during convalescence. 
Catheterization must not be performed in cases of acute rhinitis, 
in nasal suppurations as sinusitis, when there are ulcerations 
in the nose and in the naso-pharynx, and in acute otitis and 
angina, especially during the crisis of the disease. 

Unpleasant incidents during catheterization are vomiting and 
retching, which occur especially when the instrument comes in 
contact with the soft palate, and which subside as soon as the 
catheter is introduced into the Eustachian tube. These incidents 
and the unpleasant pain and irritation can be easily overcome by 
first thoroughly cocainizing the nasal mucous membrane and 
posterior nares with a weak solution of cocaine. Such violent 
reflexes are sometimes observed with each inflation or injection 
of fluid into the middle ear, even when the catheter is in its 
proper position. Occasionally, however, this operation must be 
interrupted owing to attacks of dizziness, prolonged sneezing, 
spasmodic coughing, attacks of fainting, and hasmorrhages from 
the nose. 

Technic of introducing Air into the Middle Ear through the 
Catheter for Diagnostic and Therapeutic Purposes. 

Deleau deserves the credit of having introduced air into the 
middle ear for diagnostic purposes, and especially of first having 
extensively employed it in the treatment of diseases of the ear, 
in that he put into practice the results of the investigations of 
Laennec, and by doing so made a decided advance in the therapy 
of these diseases. 

In order to introduce air into the middle ear, we generally 
employ a 10-ounce pyriform rubber bag (capable of holding 
350-420 gm. of fluid), a double air-bag,* or compressed air. The 
air-douche, by means of the rubber bag, is performed in the 


* Bags with valves become useless in a short time. 
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following manner ; The catheter is introduced into the Eustachian 
tube and fixed with fingers of the left hand; the corresponding 
ear of the patient is connected with that of the physician by 
means of an auscultation tube,* and the bag is seized with the 
right hand in the manner represented in Eig. 92; its nozzle is then 
tightly inserted into the free, large extremity of the catheter, 
and the air is propelled into the middle ear by compression. 

The following precautions must be observed: The first com- 
pressions must not be made too rapidly or too forcibly, for if the 
catheter should happen to be pressed against the walls of the 
pharynx or tube, the mucous membrane might be injured by a 
powerful current of air. Should such a forcible inflation be now 
given, the air would penetrate into the submucosa of the pharynx 
dnd bring about an emphysema which is generally confined to 
the pharynx, but sometimes extends to the entrance of the larynx, 
as well as to the subcutaneous connective tissue of the face, the 
lateral region of the neck, and even to the thorax. On palpating 
this subcutaneous emphysema, a distinct crepitation can be felt. 

The submucous emphysema in the pharyiix, whicli is mostly caused by 
careless use of the catheter or by the forcible use of the bougie, brings 
about pain, difficulty hi swallowhig, and by the e.\'tension of the swelling 
towards the larynx, may also interfere with respiration to a varying degree 
(Poliak). Tlirough prolonged refie.x hawking, the emphysema increases during 
the first few hours; it is therefore important to instruct the patient to suppress 
as much as possible the act of swallowing or of clearing the throat for some 
hours. If the emphysema increases to such an extent as to produce difficulty 
in respiration, a means of escape for the air can be made by incising the 
mucous membrane of the pharynx with a sharp bistonfy. As a rule, the 
emphysema disappears in a few days without treatment.f 

From the foregoing it is evident that in all cases in which a 
marked resistance is encountered on compression of the air-bag 
the instrument must be somewhat withdrawn. By this action 
the orifice of the catheter, w'hich has become occluded by 
pressure against the posterior wall of the tube, is rendered free, 
and the air can enter the canal unchecked. In order to avoid 
such incidents, caused by improper fixation of the instrument, it 
is advisable, with each compression, to press the catheter slightly 
towards the balloon Avith the thumb and index-finger of the left 
hand; the object of moving the catheter toAvards the bag is to 
counteract the pressure exerted on the catheter during compression. 

The most powerful action of the bag is obtamed when, as in Fig. 92, it 
is held with the thumb and palm of the hand and compressed on its side Avith 
the four fingers. On the other hand, the pressure is considerably less if the 
fingers are applied around the neck and the bag compressed at its base with 
the thumb. 

* This consists of a rubber tube about 70 cm. long, having an olive-shaped 
perforated tip at each end. 

I The extension of the emphysema to the tympanic cavity, membrana 
tympani, and to the mastoid process is exceedingly rare. 
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If we hear the air entering freely into the middle ear during 
compression of the bag, the subsequent inflations should be 
rapidly and powerfully repeated. The therapeutic value of the 
air-douche depends principally on this mode of application. After 
each compression, the bag should be gently removed from the 
catheter, to allow it to become refilled with air. 



Fia. 92. — Air-douche with the Indiarubber Air-bag. 

In place of the Politzer bag, compressed ah’ is now universally used. The 
tank which contains the air is equipped with a pressure gauge so that we can 
regulate the amount of pressure as desired. The one end of a soft flexible 
tube is connected with the pipe leading to the air tank, while the other end 
has a small cut out which can be inserted into the outer end of the catheter, 
and the air thus forced tlirough the Eustachian tube into the middle ear. 
This method of inflation has the advantage over the air-bag in that we know 
the exact amount of pressure used, and at the same tune eliminate the necessity 
of removing and replacing the bag after each compression, as this is generally 
associated with a certain amount of discomfort to the patient. In the maj ority 
of cases 10-15 lbs. pressure are sufficient, although 20-25 lbs. may be required 
where there is marked obstruction in the Eustachian tube. 


The Results of Auscultation in Normal and Pathological 
Conditions of the Middle Ear. 

The importance of auscultation as a means of diagnosis of 
middle-ear affections has been very often over- and too often 
under-estimated. Although auscultation often gives a negative 
or indefinite result, in certain cases it leads to a positive diagnosis. 
It is always of value, however, if taken in conjunction with 
other symptoms. 

The air propelled into the normal middle ear during cathe- 
terization produces a protracted, dry, blowing sound, which is 
heard by auscultation. This sound can be compared to that 
produced by placing the tongue against the hard palate, and 
quickly performing an act of expiration with the lips slightly 
apart. The friction of the air on the walls of the Eustachian 
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tube, the tympanic cavity, and on the inner surface of the mem- 
brana tympani, gives rise to this blowing sound (Deleau’s bruit 
de 'pluie), which varies in strength and distinctness and is depen- 
dent on the individual variations in the calibre of the tube. Air 
forced into the middle ear enters more freely and with a more 
protracted sound if, during catheterization, the canal is opened 
by an act of swallowing. In order, therefore, to increase the 
therapeutic effect of the air-douche, it is advisable to make 
the patient repeatedly perform an act of swallowing. 

The calibre of the catheter, the size of its smaller orifice, and 
its position with regard to the walls of the Eustachian tube, 
exercise a considerable influence on the pitch and intensity of 
the auscultation sound. When a catheter with a small lumen is 
employed, the sound will generally be higher and sharper than 
when using a catheter of a large calibre. A change in the 
auscultation sound may also occur during catheterization if the 
orifice of the catheter is narrowed through contact with the walls 
of the tube owing to a change in the position of the instrument. 

Tke distinct sound of an entering the tympanic cavity during an act of 
swallowing does not justify us in-coming to the conclusion that the catheter 
is properly inserted into the Eustaclxian tube, for air may enter the cavum 
tympani through the tube, wliich opens durmg the act of swallowing, even 
if the point of the catheter is situated in front of, or behind, the ostium 
pharyngeura tubaj. 

The current of air in pathological cases occasionally reaches only to the 
isthmus tub®, and produces a sound which bears a remote resemblance to 
that caused by air entering the cavum tympani; to the inosperienced, the 
former sound may easily be mistaken for the latter. It is differentiated 
by the fact that the former is much rveaker and more subdued, and seems 
far more distant than the latter, which seems to be heard as if it arose imme- 
diately in front of the ear of the physician. 

The auscultation sound caused by the air- douche is subject to 
many changes in diseases of the middle ear. To estimate the 
value of these pathological sounds, we must bear in mind that 
we generally have to deal with combination sounds, which are 
caused, partly by swelling and stricture of the Eustachian tube, 
by tumefaction of the mucous membrane of the middle ear, by 
pathological changes in the membrana tympani, and partly by 
exudate in the tube and in the tympanic cavity. It need 
hardly be mentioned that the strength of the air-current and the 
lumen of the catheter influence the quality of the sound. 

When the membrana tympani is intact, the auscultation sounds 
differ considerably from those obtained when the membrane is 
perforated. The auscultation sounds produced under the former 
conditions are subject to many variations, and are influenced by 
the middle-ear affection; in other words, whether it runs its 
course, with or without swelling and exudation. In cases of 
secretion in the middle ear, inconstant gurgling sounds _ of 
different quality are frequently heard during the application 
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of the air- douche.- As a rule, their place of origin cannot be 
ascertained by auscultation (Offenorde).* These noises originate 
most frequently in the Eustachian tube, especially if it contains 
secretion (moist gurgling sounds), but are less often produced 
when there is a collection of secretion in the tympanic cavity. 
If a considerable amount of fluid secretion has collected, a very 
rapid, bubble-like rustling and crackling noise is frequently 
heard; this may even be audible without the auscultation tube, 
and often lasts for some time after the inflation. When there is 
a small amount of secretion in the tympanic -cavity, which may 
be diagnosed by inspection of the membrana tympani, all gurgling 
sounds may be absent. We seldom hear a distinct rale when 
thick, thread-like, tenacious secretion is present in the tube and 
tympanic cavity, but usually a rough, rattling, interrupted noise 
or a rough crackling which is frequently interrupted by a coarse 
friction sound; this latter noise is due to a simultaneous swelling 
of the tubal mucous membrane and to an altered tension in the 
membrana tympani. A distinct rale is sometimes heard only at 
the beginning of the inflation, which is then followed by a free 
auscultation sound. This is the case if the secretion lodged in 
the tube is removed by the first inflation of air, or if mucous 
secretion from the naso-pharynx remains adherent to the point 
of the catheter, and is forced into the Eustachian tube. The 
latter occurrence, which is frequently met with, is worthy of 
notice, because the gurgling noises thus produced may erroneously 
be interpreted as a hypersecretion of the tubal mucous mem- 
brane. 

The gurgling sounds produced when the catheter is incorrectly placed in 
Roseiunuller’s fossa, or near the orifice of the tube, are distinguished from 
those arising in the middle ear by the fact that they resemble the bursting of 
large bubbles, and seem distant from the ear when using the auscultation 
tube. In a like manner, grating sounds are often observed in the pharynx 
during the application of the air-douche, which are brought about partly by 
the vibrations of the membranous portion of the tube, and partly by the 
vibrations of the soft palate caused by the returning air. 

The friction produced by the air on the inner surface of the membrana 
tympani gives rise to a distinct auscultation sound. This is proved by the 
fact that in cases of anomalous tension of the membrane, espeeially in scar 
formations, m drums relaxed through atrophy, in cicatricial adhesions between 
the membrana tympani and inner tympanic wall, and even with a normal 
condition of the Eustachian tube, a sharp, high, vibrating sound is often heard, 
which appears to be so near the ear of the examiuer that it may easily be mis- 
taken for the sound heard when the membrana tympani is perforated. 

In catarrhs of the middle ear running their course without 
swelling or secretion, as in sclerotic processes so frequently 
associated with rigidity and ankylosis of the base of the stapes, 
the normal auscultation sound is almost always heard. In cases 
of diffuse thickening of the mucous membrane of the middle ear, 

* A.f. 0., vol. Ixvi. 
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and where the canal of the Eustachian tube is strictured through 
hypertrophy of its submucous connective tissue, one sometimes 
hears merely a very weak, dry, thin sound, at other times a 
high, sharp, whistling noise. 

The auscultation sound, associated with perforation of the 
membrane, depends on the presence and quantity of secretion 
in the middle ear, on the degree of stricture of the Eustachian 
tube, and partly also on the size of the perforation. Accordingly 
we hear a hissing and gurgling noise which can be perceivM even 
without the auscultation tube; but when the secretion is scanty, 
and the Eustachian tube strictured, the sound has a high, whist- 
ling character. If, on the other hand, the tube is dilated, as 
occurs after a suppurative inflammation of the middle ear has 
run its course, a blowing, puffing sound will be perceived, even if 
the perforation in the membrane is small. - VVhen we use the 
auscultation- tube, the air passing through the perforation reaches 
our ear directly, so that the sounds are heard as intensely and 
forcibly as if they had their origin in our own ear. The perfora- 
tion sound may be entirely wanting when the opening in the 
membrane is occluded by inspissated purulent masses, by granu- 
lations in the tympanic cavity, or when the air is prevented 
from entering the cavum tympani through adhesions, connective- 
tissue masses, etc. 

Laenncc* has proved that air entering the middle ear produces a sound m 
he mastoid process Avhich can be distinctly heard by auscultation. He also 
showed that gurgling noises in the middle ear could be perceived by ausculta- 
tion at the base of the mastoid, and that their location could be determined. 
According to ]VIichael,t a blowing sound is heard in pneumatic mastoid pro- 
cesses during catheterization. When the Eustachian tube is impermeable 
or when the membrane is perforated, no sound will be perceived on the 
mastoid process. If these two conditions can be excluded, and if the ausculta- 
tion sound is absent, a diseased state of the mastoid cells may be inferred 
(exudation, cheesy masses, granulations, sclerosis). Percussion of the mastoid 
process will be discussed hr the chapter on ‘ Diseases of the Mastoid Cells.’ 


The Methods of injecting Fluids and introducing Vapours 
into the Middle Ear through the Catheter. 

The injection of fluids through the catheter is employed (1) to 
lessen the secretion, in swelling and hypersecretion in the middle 
ear, and to reduce the tumefaction of the diseased mucous 
membrane by the immediate action of the medicated fluid; 
(2) to bring about an irritation and a loosening of the rigid mucous 
membrane, thereby obtaining a greater mobility of the sound- 
conducting apparatus in those adhesive processes of the middle 
ear in which, as a result of thickening of the mucous membrane, 
there is a firm union of the ossicles with each other and with the 
tympanic walls ; (3) to remove accumulations of inspissated secre- 

* Sur Vauscultation mediate, 1835, p. 57. 
t A. /. 0., vol. xi., p. 46. 
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tions in the middle ear through liquefaction; (4) in rare cases to 
render the tube permeable where the air- douche fails. 

The quantity of fluid entering the tympanic cavity is the greater 
the further the point of the catheter is pushed towards the isthmus 
tubse, and the more the orifice of the instrument corresponds 
with the direction of the tube. We are never able to judge how 
much of the fluid reaches the tympanic cavity, as a partial escape 
into the pharynx is unavoidable, owing to the funnel-shaped 
narrowing of the cartilagino-membranpus tube, and to the 
angular bend of the tube at the isthmus. 

The technic of injecting small quantities of fluid into the 
middle ear to effect a cure is as follows : After the catheter has 
been introduced into the Eustachian tube, air is injected two or 
three times into the tympanic cavity by means of the air-bag in 
order to remove secretion deposited in the tube, which would 
hinder the entrance of the fluid. 

Thereupon a Pravaz syringe, fitted with a conical nozzle, is filled 
with a medicated fluid; this is slightly warmed, and 10-16 drops 
injected into the catheter under slight pressure, whereupon the 
fluid is driven into the middle ear by means of a forcible inflation 
with the air-bag. Care must be taken that the head of the 
patient remains in the erect position, because if inclined back- 
wards the fluid in the catheter will escape into the pharynx before 
it has been forced into the middle ear. It is absolutely neces- 
sary to thoroughly sterilize the catheter, the syringe, and the 
injection fluid. 

When the membrana tympani is intact, a sharp sound, accom- 
panied by a fine crepitation, is heard as the fluid enters the^ 
middle ear, which may often last for some time after the injection.* 
Inspection of the membrana tympani shows either an unaltered 
state, or injection of the vessels of the manubrium, rarely 
ecchymoses of a varying degree, or great congestion of those 
parts near the superior and posterior walls of the meatus; these 
changes may occur not only with the injection of irritating, but 
also with perfectly bland fluids. Small quantities of injected 
fluid are seldom seen by inspection of the membrane; on the 
other hand, large quantities may become visible when the 
membrane is transparent and the fluid coloured. 

The subjective symptoms which arise after the injection of 
fluids into the middle ear are a sensation of fulness or warmth, 
sometimes of burning, more rarely of acute pain in the ear, and 
a temporary sensation of taste (Moos). Since the author has 
employed sterilized fluids for injection, he has seldom observed 
a severe reactive inflammation of the middle ear, and scarcely 
ever'a marked suppurative process. The escape of a portion of 
the fluid into the pharynx often causes an unpleasant retching, 
hawking, and coughing, which are most quickly relieved by 
gargling with cold water. Acute pain in the ear after injection 
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is rapidly removed by massage of the parts around the auricle, 
or by pouring lukewarm water into the external meatus. 

The technic of injecting larger quantities of fluid into the 
middle ear is as follows:! A catheter with a long beak is 
inserted as far as possible into the Eustachian tube. For 
the purpose of injection, we use a rubber air-bag, capable of 
containing 100 grammes (No. 3), or a glass syringe, with hard 
rubber mountings, capable of holding 80-100 grammes (Fig. 93), 
the nozzle of which is hermetically introduced into the free end 
of the catheter. It is uetter to use a metal syringe fitted with 
a metal piston, inasmuch as it can be boiled. The greater the 
resistance in the middle ear, the more difficult is the injection of 
fluid; even with a permeable tube and a perforated membrane 
only a portion of the injected fluid escapes into the external 
meatus, while the greater portion, however, flows off into the 
pharynx and through the nose. 


era 



Fig. 93. — Steriliz.U3le Glass Syringe avitu Hard Rubber Mountings. 

(After Gorilim Bacon.) 


In cases in which the cavum tympani is either partially or 
wholly filled with inspissated secretion or by proliferated mucous 
• membrane, and where the injected fluid cannot be forced into the 
tympanic cavity, but floAvs back into the pharynx, the elastic 
tympanic tube of Weber-Liel can be used Avith advantage. The 
author has found this instrument, which Avas originally intended 
for aspirating exudate from the cavum tympani and for the 
injection of medicated fluids, invaluable in the treatment of 
certain diseases of the middle ear, external meatus, and mastoid 
process, and almost indispensable in the practice of otology. 

The tympanic catheter (Fig. 94) consists of a small flexible tube, funnel- 
shaped at its larger extremity; it is 17 cm. long and about l-ll mm. thick, 
apd has a small apertm'e at its smaller extremity. 

In order to introduce this elastic catheter, we use a moderately large 
vulcanite catheter, 12 cm. long, tlwough Avhich the former is pushed into the 
tympanic cavity. Its point is in the tympanum Avhen it projects 21-3 cm. 
beyond the point of the ATilcanite catheter; this is apparent by a mark 
previously made on its outer extremity. The catheter is held in position by 
the tympanic tube. The injection of fluid by means of the tympanic catheter 
is accomplished either with a graduated Pravaz’s syringe, Avith a small rubber 
air-bag (No. 3), or with compressed air. The pressure must be only gradually 
increased, because if the outflow into the external meatus is prevented, 
violent pain and dizziness may arise from the sudden increase of the pressure 
of the injected fluid upon the tympanic walls. 
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Fluid injected, either by means of the catheter or 
by aid of the tympanic tube, enters the middle ear 
with a dull, rushing sound similar to that perceived 
when one places the ear against a rubber tube through 
which fluid is flowing. Even when fluid is injected 
through the tympanic catheter, a portion will escape 
into the naso-pharynx. 

The injection of large quantities of fluid into the 
middle ear is applicable only in those affections in 
which a perforation of the membrana tympani exists, 
and where, therefore, the injected fluid may again 
escape into the external auditory canal. These injec- 
tions are especially serviceable in those middle-ear 
inflammations in which dangerous symptoms arise 
owing to the stagnation of inspissated secretion, and 
where, therefore, it is necessary to liquefy and to 
remove it or to expel cholesteatomata. In fact, they 
can be employed in all middle-ear suppurations in 
which there is an acute intercurrent inflammation 
accompanied by severe pain, with or without a bone 
affection. 

On the other hand, we must disapprove of the in- 
jection of large quantities of fluid in those middle- ear 
affections in which the membrane is not perforated. 
Deleau* and Bonnafontf have already pointed out the 
injurious consequences which follow such injections 
when the membrane is intact; their experience has 
shown that not infrequently a most violent reaction is 
produced, giving rise to a suppurative inflammation 
of the middle ear which may lead to fatal complications. 

The technic of introducing bougies into the Eusta- 
chian tube will be described when we come to the 
treatment of strictures of the tube. 

The Introduction of IVIedicated Substances in the 
Form of Vapour in the treatment of diseases of the middle 
ear was formerly more employed than now. Vapours impregnated 
with various drugs are still employed, and do, in some acute 
inflammatory conditions of the nasopharynx and Eustachian tube, 
prove beneficial in that they bring about a recession of the con- 
gestion and swelling of the mucous membrane, and consequently 
a decided improvement in the hearing. 

In every vapour apparatus, the impregnated ah’ enters the 
middle ear tlrrough the catheter with far less energy than if a 
simple inflation were given. Under such a weak pressure, the 
vapour can therefore reach the middle ear only when the tube 
is permeable. In cases in which the tube is greatly swollen, the 
simple or double ah-bag is msufficient, and we are therefore 


* Traite catheterisme de la tromye d'Eustache, p. 53. 
t Traite theorique et 'pratique des maladies de Voreille, 1860, p. 77. 
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compelled to resort to air-pressure. The vapours enter the tympanic cavity 
more freely when the merabrana tympani is perforated. 

The temperature of the vapour varies according to the nature of the medica- 
ment employed, and according to the temperature at which it volatilizes. 

The duration of the application lilcowisc depends on the nature of the 
drug and on the indtation developed in the ear or pharymx. The time of 
application generally varies from three to ten minutes. 

The uitroduction of vapours into the middle ear is accompanied by a feeling 
of Avarmth and fulness. Great burning or pain associated Avith injection of 
the vessels along the manubrium occurs most frequently after the action of 
ammonium vapours. The escape of the vapours into the naso-pharynx 
often causes great retching, liaAvking, cougliing, congestion and swelling of the 
mucous membrane, and mcreased secretion. 

It is noAv universally acknowledged that a smaller quantity of vapour 
introduced tlu'ough the catheter reaches the middle ear than Avas formerly 
supposed. Large quantities, hoAA'cvcr, may reach the tympanic cavity AA'hen 
the tube is permeable. On the other hand, the subtle vapours of the A'arious 
forms of ether, chloroform, and turpentine can easily be propelled into the 
middle ear. 


3. The Author’s Method for effecting the Permeability of 
the Eustachian Tube. 

Politzer’s Method. 

This method of effecting the permeability of the Eustachian 
tube was published by the author in the year 1863.* It is based 
on the principle of condensing the air in the naso-pharynx 
during an act of swallowing, Avhen this cavity is closed on all 
sides, and of forcing the condensed air through the Eustachian 
tube into the middle ear. The essential novelty of this method, 
by Avhich it is differentiated from catheterization, lies in the fact 
that the nozzle of the instrument used for condensation of the 
air is introduced only into the anterior portion of the nasal 
cavity; the introduction of the catheter into the Eustachian 
tube, Avhich is sometimes impracticable and often disagreeable, 
is thereby avoided. The closure of the naso-pharynx in this 
method is effected behind and beloAV by the apposition of the 
soft palate to the posterior pharyngeal wall, and in front by 
compression of the al® of the nose. The resistance in the tube 
is simultaneously lessened by the act of SAvalloAving, whereby the 
influx of the condensed air into the tympanic cavity is con- 
siderably facilitated.! 

* Wiener med. WoclienscliriJt,\^QZ,'Fo. Q. 

t The author’s method Avas suggested by a number of manometric experi- 
ments made in reference to fluctuations in the air-pressure in the tympanic 
cavity. He quotes here the second experiment in reference to the above 
(Wien. med. Wochenschr., 1863, No. 6), AA'Iiich he demonstrated to Professor 
V. Troltsch in the year 1861 : ‘ If I introduce the extremity of the escape-pipe 
of a force-pump half an inch into my nose, and compress tiie alas around it, 
and then perform an act of SAvalloAving Avhile the compressed air rushes into 
the nasal cavity, I feel the air at the same moment entering Avith force into 
both tympanic cavities, Avhereby the di’op of fluid in the manometer, inserted 
into the external meatus, moves outwards.’ 
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To perforin this method, the rubber bag used for catheterization 
(p. 119) is employed, the nozzle of which is shaped like a catheter; 
it is even better to arm the nozzle with a piece of resistant rubber 
tubing 8-4 cm. long (Ldwenberg). 

The technic of the method is as follows (Fig. 95) : The patient, 
seated in a chair, takes a little water in his mouth, which he is 
requested to swallow when told,* and which is given to facilitate 
the act of swallowing. The physician, standing either in front 
or on the right of the patient, introduces with the left hand the 
curved nozzle of the Politzer bag, or the small rubber tube men* 
tioned above, 1 cm. into the corresponding nasal orifice; care 
must be taken that the nozzle is 
inserted in the posterior angle of 
the nostril, and that the alfe of the 
nose are very closely compressed 
arouijd it with the thumb and 
forefinger. The patient is then 
told to swallow, and at the same 
moment the air is expelled from the 
bag. The condensation of the air 
thus produced in the naso-pharynx 
forces the air into both middle ears; 
during the closure effected by the 
soft palate the tube is simultane- 
ously opened, and its vibrations give 
rise to a dull, gurgling noise, which 
frequently, if not always, may be 
taken as an indication that the air 
has entered the tympanic cavity. 

The entrance of air into the Fig. 95. — ^Politzbr’s Method. 
middle ear gives rise to a sub- 
jective sensation in the majority of patients; still, this sensation 
may be entirely absent in a normal as well as an impaired 
sensibility of the mucous membrane of the middle ear. Children 
who suffer from a catarrh of the Eustachian tube often raise 
both hands to their ears at the moment when the air enters the 
cavum tympani (Pagenstecher). The bulging of the membrana 
tympani, as observed on inspection, is generally greater by this 
method than that produced by Valsalva’s method, or by cathe- 
terization. The effect is most pronounced when the membrane 
is totally or partially retracted, inasmuch as the retracted parts 

* The use of water is by no means necessary in all cases during the 
application of the author’s method, as the effect of an inflation during an 
energetic act of deglutition is the same as that attained by the drinking of 
water. Sometimes, however, the simple act of swallowing is less powerful, 
and not only is the deglutition in such cases materially facilitated by drinking 
water, but the lumen of the tube is also more widened by the powerful con- 
traction of the naso-pharyngeal muscles, and the effect of the injected air is 
thereby increased 
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are seen to bulge strongly outwards, and in cases of.partial atrophy 
may sometimes protrude in the form of a bulla. 

Auscultation during the application of the author’s method 
shows that, even with an intact membrana tympani, the sounds 
produced in the middle ear are often plainly distinguished, in 
spite of the gurgling noises in the pharynx. By continued practice 
we are able to disregard the more distant pharyngeal noises, and 
to concentrate our attention upon those nearer to us in the middle 
ear. We also hear a noise produced by the bulging of the mem- 
brane and the abnormal auscultation sounds previously described 
in the section on catheterization. While during catheterization 
the noise appears modified by the friction of the air in the 
catheter, and by its escape from the point of the instrument, 
the auscultation sound during the author’s method, where these 
obstacles are absent, is more clearly perceived, and tells us the 
exact condition of the middle ear. Where the tympanic me^m- 
brane is perforated, the escape of air into the external auditory 
canal can be heard without the aid of the auscultation tube. 

The air condensed in the naso-pharynx, as a rule, enters both 
tympanic cavities, but is generally forced more powerfully into 
that ear in which the resistance in the tube and in the tympanic 
cavity is less. In cases of unilateral affection, in which we wish 
to concentrate the effect of the inflation upon the diseased ear, 
and to limit as much as possible the entrance of air into the 
normal one, it is necessary to create an artificial resistance in 
the latter; this is accomplished by hermetically closing the 
external meatus of the normal ear with the finger. Similarly in 
bilateral affections we allow the patient to close the meatus of 
that ear in which, owing to the presence of a perforation or to a 
less resistance in the Eustachian tube, the air enters more freely: 
experience shows that the effect of the air-douche is thereby 
increased in the more diseased organ. Where both ears are 
affected, and the current of air enters equally strong in both, the 
mechanical as well as the therapeutic effect of the inflation can 
be increased by closing the meatuses alternately so as to allow 
the full power of the air-current to work upon both cavities. 

The force of the air-current generally depends on the amount 
of resistance in the middle ear, on the presence of inflammatory 
phenomena, and on the pathological changes in the mem- 
brana tympani. Weak inflations are indicated in cases of 
slight obstacles where the hearing power is only slightly dimin- 
ished, and also in acute inflammations of the middle ear where the 
reactive phenomena still continue. The gradual increase of the 
pressure can be regulated by using two, three, four, or five fingers 
successively; if we follow this latter method, we can introduce 
very weak or very strong currents into the middle ear as occasion 
requires. On the other hand, in cases of great resistance the 
permeability of the Eustachian tube must be effected by powerful 
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and rapill compressions of the air-bag. The air-pressure required 
in the execution of the author’s method varies from 0-1-0-4 
atmospheres and over. 

The therapeutic effect of an ah'-douche after the author’s method depends 
on the nature of the pathological changes which impair the function of 
hearing. In those affections of the middle ear in which a high degree of 
deafness exists in consequence of swelling and accumulation of secretion, 
combined with abnormal tension of the membrana tympani and ossicles, 
and also in those perforative middle-ear inflammations of not long standing, a 
striking improvement in the hearing will generally foUow the application of 
PoHtzer’s method. No improvement in hearing, or only one to a slight 
degree, is effected by the author’s method in cases in which, in the course of 
inflammatory processes in the middle ear, new connective tissue has formed, 
thereby causing adhesions between the ossicles and the tympanic walls; 
furthermore, when the foot-plate of the stapes is fixed through a bony growth 
from the labyrinth capsule .-(Politzer) or in deafness of nervous origin. A 
subjective improvement in the hearing often corresponds with a demon- 
strable increase in the hearing distance, but cases are not infi'equent in which 
the patient complains of a sensation of fulness in the ear after the application 
of the author’s method, while the tests show that a considerable improvement 
in hearing has taken place. 

The uncomfortable sensation of pressure in the region of the stomach 
wluch is sometimes experienced immediately after Politzerization occurs as 
the result of great pressure applied with compressed air, but very seldom 
follows the use of the air-bag. This sensation is caused by the sudden 
entrance of air into the inferior portion of the oesophagus, and may quickly 
be removed by several deep inspirations. Other sensations, occurring more 
rarely during the application of the author’s method, are dizziness, fulness in 
the head, and headaches localized in the forehead. Euptures of the membrana 
tympani, which occur during Valsalva’s method and catheterization, are 
exceedingly rare in the application of the author’s method, whether per- 
formed with an act of swallowing or during phonation. Euptures occur 
most frequently in membranes which are atrophic, thinned by cicatrization, 
or contain deposits of chalk. Such ruptures usually heal quickly, and, 
according to the observations of Pagenstecher, Schwartze, van Hoeck, 
Gradenigo, and the author {Wien. med. Presse, 1868), are not followed by 
bad results, but are usually accompanied by a noticeable improvement in 
hearing, which is often permanent. If one mshes to guard against rupture 
of an atrophic membrane during the use of the air-douche, it is advisable to 
close the external meatus with the finger. 

In reference to the modifications of closing the soft palate, Schwartzef 
found that the air can enter the middle ears of children by applying the 
author’s method without an act of swallowing. This can be explained partly 
by the narrowness of the naso-pharynx and shortness of the Eustachian 
tube, and partly by the fact that the soft palate is reflexly lifted by the action 
of the current of air on its superior surface; this causes the velum palati to 
be approximated to the posterior pharyngeal waU, thereby closing the inferior 
part of the naso-pharynx. LowenbergJ found that the act of swallowing 
during the author’s method may be replaced in some cases by simply lifting 
the soft palate. The author observed that the condensed air entered the 
cavum tympani if the patients spoke the moment the air-bag was compressed . 


* The normal membrana tympani can be ruptured only by a pressure of 
3-4 atmospheres (Schmiedekam). In practice, however, we- seldom use a 
pressure exceeding h an atmosphere, 
t ^ehiend’a Journal fiir Kinderkranhheiten, 1864. 
t Oentralblatt fiir die med. Wissenschaft, 1865. 
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Czermak and Brucko experimentally demonstrated that the soft palate is 
approximated to the posterior phar 3 mgeal wall during the phonation of vowels 
and consonants. Accordingly, Lucae {Virch. Arch., vol. Ixiv,, 1875) proposed 
the substitution of the vowqI a in place of the act of swallowing during 
the author’s method. Following the suggestion of Lucae, Jos. Gruber 
proposed the syllables Ink and huk in place of the vowel a. Experience has 
shown that all these changes, with few exceptions, are not new methods, but 
less valuable modifications for the closure of the soft palate, and are therefore, 
in the majority of cases, insufficient substitutes. 

A very practical modification of the author’s method, proposed 
by himself, consists in allowing the patient during the air-doucho 
to take a deep inspiration through the slightly opened and 
pointed lips, or through a short rubber tube held between them 
(forced inspiration). By this means the naso-pharynx is closed, 
and the Eustachian tube is simultaneously widened by the down- 
ward traction of the soft palate. The therapeutic effect of this 
modification is, on the whole, inferior to the author’s original 
method; cases, nevertheless, present themselves in which the air 
cannot be forced into the middle ear during an act of swallowing 
or during phonation, but enters freely by the modification with 
forced inspiration. Where the method with the act of swallow- 
ing is unsuccessful, we should always try the last-mentioned 
modification. The entrance of air into the cavum tympani is 
also facilitated during catheterization by a sharp inspiration 
through the mouth. 

Another valuable modification (Holt) is the inflation of air 
into the middle ear while the cheeks are forcibly puffed out; the 
expiratory pressure thus produced forces the soft palate against 
the posterior pharyngeal wall, and, in this manner, the naso- 
pharynx is shut off from below\ The inflation of air, according 
to this modification, is more often successful when the membrana 
tympani is perforated. The author has seen cases, however, in 
which it was applied with advantage in non-perforative middle- 
ear diseases, where the permeability of the tube could not be 
established by an act of swallowing or by phonation. The 
therapeutic value of this modification is, on the whole, inferior 
to that attained by an act of swallo^Ying. 

In reference to the practical value of the modifications as to the position of 
the soft palate during the application of the author’s method, the act of simply 
blowing air into the naso-pharynx is of special value in children who cannot 
be induced to perform an act of swallowing. The air will enter the middle 
ear stiU more freely if the child cries during the inflation.* In giving an 
air-douche during the phonation of a vowel, the air very often fails to reach 
the middle ear, or enters only with a greatly diminished force, as the weak 
pharjmgeal closure is easily opened by the current of air, and the resistance 
in the tube only slightly reduced. The same applies to the pronunciation of 

* According to Walb {A. f. 0., 1907), this method is also successful in 
children who do not cry, and is caused by irritation of the base of the tongue, 
whereby the soft palate is brought i-eflexly into apposition with the posterior 
pharyngeal wall. 
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the guttural consonaats hik, huh, in spite of the fact that hi this case the soft 
palate is pressed more closely against the posterior pharyngeal wall by the 
base of the tongue. The results are somewhat more favourable when single 
words are used during the application of the author’s method. We can employ 
for this purpose such words as Kdnig, Barique, etc., by which the closure of 
the naso-pharynx is prolonged, and the air enters the middle ear more freely 
than when short syllables are used. In all these modifications, however, 
the air enters the middle ear far more seldom and with much less force than 
when inflating during an act of swallowing. Of all the movements of the 
muscles of the soft palate, there is none which exercises such an influence in 
opening the tube as the act of swallowing. This may be proved by the simple 
experiment, already described, of holding a vibrating tuning-fork (c^) before 
the nostrils. If vowels or consonants are pronounced, there will be no 
noticeable change in the perception of the tone, but if an act of swallowing is 
performed, the tone wiU be heard markedly increased. The dilatation of the 
Eustachian tube during the application of the author’s method with an act 
of swallowing is of the greatest practical importance; for in diseases of the 
middle ear, so often combined with marked resistance, in which only powerful 
currents of air are effective, the entrance of air into the middle ear is rendered 
possible chiefly by the material widening of the Eustachian tube durmg an 
act of swallowing. 

Experience shows that in those cases in Avhich the air cannot be propelled 
into the tympanic cavity by the phonation of vowels and consonants, a 
striking improvement in the hearing immediately follows if the author’s 
method is applied during the act of swallowing. But even in those cases in 
which a certain inerease in the hearing distance takes place after one or more 
inflations dm'ing phonation, a still greater improvement wiU generaUy foUow 
the application of the author’s method during an act of swaUo\7ing As a 
rule, it is preferable to use Politzer’s method during an act of swaUowing, 
and only exceptionally is it advantageous to employ phonation, inspiration, 
or even expiration. The extensive use of phonation instead of an act of 
swallowing means the sacrifice of the therapeutic effect for the sake of con- 
venience. Cases in which the air cannot be propelled into the middle ear by 
means of the author’s method during an act of swaUowing, but enters during 
phonation, are, on the whole, rare. ExceptionaUy, a simUar action is also 
seen with the Valsalvan method, but, in spite of this fact, we are famiUar 
with its inferior therapeutic value. 

Excessive sweUing and stenosis of the pharyngeal orifice of the Eustachian 
tube, and the occlusion of the latter with a tenacious plug of mucus, are the 
most frequent causes of ah’ not entering the middle ear during the appUcation 
of the author’s method. Roosa was able to force air into the middle ear in 
such cases after he had previously washed out the naso-pharynx. The author 
often found with hindrances of this natiire that his method, performed during 
an act of swaUowing, was only then effective after several imsuecessful 
attempts had been undertaken during forced expiration or inspiration, or 
during phonation, or when a long rubber tube had been inserted as far as the 
osteum pharyngeum tubte (Gomperz). At times the author has been able to 
overcome the impermeability of the tube by the injection of a few di’ops of a 
5 per cent, solution of cocame. 


The Therapeutic Value of Politzerization as compared with 
the Valsalvan Method and Catheterization. 

In order to judge the therapeutic value of the different methods 
of inflation, it must be mentioned that the treatment of the 
middle-ear disease by means of the air-douche not only depends 
on the entrance of air into the 2niddle ear, but that the beneficial 
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effects of such a treatment, apart from the amount of pressure 
employed, are principally duo to the impact of the entering air. 
Experience shows that in middle-oar catarrhs a strong, rapid 
inflation produces a much more noticeable improvement in 
hearing than weak currents which are gradually increased. The 
greater the impact of the entering air, the more the membrana 
tympani and the chain of- ossicles will be forced outwards; this 
is especially the case when they have become retracted through 
middle-ear inflammation. Accordingly, therefore, the improve- 
ment in hearing will be the more striking and lasting the 
nearer the ossicles are approximated to their normal position. 
That the therapeutic effect of the inflation depends on the 
impact of the air in the middle oar is shown by the fact that 
better results are generally obtained by repeated powerful infla- 
tions than by continuous currents with a constant high pressure 
as produced with the double air-bag or compressed air. 

In comparing the effect produced by the method of Valsalva 
and the author’s we have learned from experience that the former 
often fails partially or totally in catarrhs of the middle ear asso- 
ciated with swelling of the mucous membrane of the Eustachian 
tube. Under such conditions, it will also be seen that the air 
enters the middle ear with greater force, and with a markedly 
increased therapeutic effect, when the author’s method is em- 
ployed. From a therapeutic standpoint, therefore, Valsalva’s 
method is far inferior to Politzer’s. 

Besides this, Politzerization has the advantage over the 
Valsalvan method in that the congestion of the vessels of the 
head, which occurs during the latter, is avoided. There can be 
absolutely no doubt that this venous congestion, caused by a 
forced Valsalvan experiment, extends to the ears, inasmuch as 
we frequently observe injection of the vessels of the membrana 
tympani during a forced expiration. The frequent repetition of 
such a congestion will necessarily create a permanent hypertemia 
in the ear, by Avhich not only the inflammatory process already 
existing there is increased, but disturbances of circulation are also 
produced in the labyrinth. In the application of the author’s 
method, however, congestion of the cranial vessels is completely 
avoided, as no action of the muscles of the thorax is required. 

Comparing the value of Politzerization with catheterization, it 
must be mentioned that the current of air passing through the 
catheter cannot exert its full force on the middle ear, because 
the ostium pharyngeum tub® does not completely surround the 
opening of the instrument, and thus allows a partial reflux of air 
into the pharynx. Furthermore, the marked friction of the air 
in the catheter causes it to leave tho instrument with a greatly 
reduced force. We must also not lose sight ofihe fact that the 
point of the catheter is generally directed more towards the walls 
of the tube than towards its lumen, and the strength of the 
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current of air is thereby broken, and its effect on the cavum 
tympani weakened. 

These disadvantages are partially overcome by the author’s 
method; for the air, forced with a strong impulse into the 
Eustachian tube from the pharynx, exerts an almost equal 
pressure in all directions, and will therefore frequently enter 
the middle ear with greater certainty and with a more pro- 
nounced effect than during catheterization. Observations have 
also shown that, in many cases in which only a moderate increase 
in the hearing was noticed after catheterization, a striking im- 
provement took place when the air was propelled into the middle 
ear by the author’s method. 

On the other hand, cases are observed in which the air cannot 
be forced into the middle ear by the author’s method, while 
this is successfully accomplished by catheterization. These 
favourable results of catheterization are especially noticeable m 
those middle-ear affections in Avhich the larger portion of the 
tube, from the ostium pharyngeum to the isthmus, is closed 
by excessive swelling of the mucous membrane. In such cases, 
the adherent walls are forced apart for some distance by the 
beak of the catheter, and the resistance in the upper portion 
of the tube is overcome by the current of air directed imme- 
diately against it. It is self-evident that catheterization is 
superior to Politzerization in cases of defect of the palate, in 
paralysis of the palatine muscles, and in other anomalies of 
the naso-pharynx which impair the act of swallowing. 

If the therapeutic effect of the author’s method is at times 
inferior to that attained by catheterization, it is nevertheless 
often superior, and possesses still other noteworthy advantages. 
They are: 

1. The simplicity of its application, which enables the practi- 
tioner who is not familiar with catheterization to restore, in many 
cases, the permeability of the Eustachian tube, and to treat a 
number of affections of the middle ear successfully. 

2. The possibility of injecting air into the middle ear as a 
therapeutic agent in many cases in which catheterization is 
impossible or meets with marked resistance. This is especially 
the case in children who suffer from a high degree of deafness in 
consequence of acute and chronic naso-pharyngeal catarrhs, or in 
those who have catarrhs of the tubes and middle ears owing to 
the presence of adenoid vegetations and hypertrophied tonsils. 
Politzerization can also be apphed in the congenital and acquired 
deformities and diseases of the naso-pharynx {vide p. 114) which 
prevent the introduction of the catheter. Even Avhen the nasal 
cavity is normal, it should be exclusively employed for restoring 
the permeability of the Eustachian tube in those persons who 
object to the introduction of the catheter, in nervous individuals, 
in aged people, and, lastly, in convalescents in whom it is urgent 
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to effect the permeability of the Eustachian tube on account of 
the accumulation of secretion in the middle ear, and because 
catheterization is impossible owing to the weakness and irrita- 
bility of the patient. It is evident, therefore, that the author’s 
method should be employed in all those cases in which cathe- 
terization can be dispensed with. When it is indicated to effect 
the permeability of the tube by a current of air, Politzeriza- 
tion is always preferable to catheterization, because the un- 
pleasant sensations accompanying the latter are avoided; 
furthermore, the local irritation of the tubal mucous membrane 
produced by the catheter does not take place, and, finally, the 
permeability of both Eustachian tubes can be effected simul- 
taneously. It must be stated most emphatically that it fre- 
quently happens that catheterization cannot be replaced by any 
other method as a diagnostic and therapeutic measure. This is 
especially true if the catheter serves tho purpose of a conducting 
tube for the injection of fluids and for the introduction of 
bougies. 

3. Politzerization possesses stiff another advantage in that it is 
well adapted for self-treatment by reason of its easy application. 
This applies especially to those chronic middle-ear affections in 
which, after treatment by the physician has ceased, inflations are 
necessary from time to time in order to maintain the improve- 
ment in hearing and to prevent a relapse. 

In order to inject small quantities of fluid into the middle ear 
by the author’s method when the membrana tympani is intact or 
perforated, the following procedure is recommended: The patient 
takes a little water, in his mouth and bends the head slightly 
towards the affected side; thereupon warm sterilized fluid is 
injected through the nostril with a Pravaz syringe, and is 
immediately followed by an inflation of air, according to the 
author’s method. By observing the above-mentioned precau- 
tions, a jDainful reaction after these injections is seldom brought 
about. In cases in which this nevertheless does occur, the pain 
disappears rapidly if Politzerization is performed with the head of 
the patient inclined forwards and to the opposite side, or if the 
external meatus is filled with warm water. 

Politzerization may be used in perforations of the inembrane 
to wash out secretion from the middle ear, and to irrigate this 
cavity with medicated fluids. It is performed as follows: After 
the patient has taken a little water into his mouth and bent the 
head to the side opposite the diseased ear, the external meatus is 
filled with warm peroxide or a warm medicated solution, and with 
the head in this position repeated forcible inflations, according to 
the author’s method, are given. This manipulation causes the air 
to escape from the external meatus in the form of large bubbles, 
whereby the tympanic cavity is not only cleansed, but the entrance 
of the medicated fluids into the middle ear is greatly facilitated. 
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THE METHODS OF EXAMINATION AND TREAT- 
MENT OF THE MIDDLE EAR THROUGH 
THE EXTERNAL AUDITORY CANAL. 

The Rarefaction and Condensation of Air in the 
External Auditory Canal. 

The method of aspirating air from the external auditory 
canal, introduced in the eleventh century by a physician named 
Simeon* and in the eighteenth century by Archibald Cleland, 
became obsolete after a number of years. f Both authors reported 
remarkable improvement in hearing in a number of cases. 
It was only in the middle of the nineteenth century that Moos 
and V. Troltsch again recommended the rarefaction of the air 
in the external auditory canal as a therapeutic agent. 

In the last decade, greater attention has been paid to the 
therapeutic value of the variations of air-pressure produced by 
artificial means in the external meatus, and the effect of air 
condensation, and its combination with rarefaction, have also 
been more fully investigated. 

Chas. Delstanche deserves the credit of having introduced this 
last-mentioned method into practice as the so-called massage of 
the drum membrane and ossicles. 

The therapeutic effect of inflations into the middle ear can 
be increased in many cases by rarefying the air in the external 
auditory canal. By aspirating the air in the external meatus, 
the membrane, so frequently abnormally retracted and tense in 
- middle-ear affections, is drawn outwards with the chain of 
ossicles into a nearly normal position, thus increasing the 
vibratory function of the sound-conducting apparatus. The 
increased labyrinthine pressure is simultaneously diminished by 
the outward movement of the foot-plate of the stapes from its 
attachment in the fenestra ovalis. Condensation of air in the 
external auditory canal is seldom used alone as a therapeutic 
agent ; it is more often employed in combination with rarefaction 
in an alternating manner, and is known as ‘ massage ’ of the 
drum membrane and ossicles (Delstanche). This procedure is 
especially applicable in otosclerosis, and in adhesive processes of 
the middle ear, which are associated with rigidity of the joints 
of the ossicles. 

The Rarefaction of Air in the External Auditory Canal. 

The author used the masseur invented by Chas. Delstanche 
for the rarefaction of air in the external auditory canal. During 
the last few years, however, this instrument has become more 

* Cp. Politzer, Qes. d. Ohren., vol. i., p. 61. 

f See Comment, zii Boerlmve's Aphorism, tom. ii., 1805, p. 677, remarks 
l)y van Swieten. 
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or less obsolete owing to the introduction or more practical 
electrical appliances. In place of the Delstanche masseur, 
we now give the pneumo- massage with a small pump, which is 
driven by an electric motor, and to which there is attached a small 
appliance whereby one can use cither rarefied or condensed air, 
or both together. This pneumo-massage exercises its beneficial 
effects by alternately condensing and rarefying the air in the 
external auditory canal, and by a screw arrangement on the pump 
one is able to increase or decrease the air-pressure as occasion 
demands. In the absence of a masseur, one can use either a 
Siegle’s sjieculum or a rubber tube 30 cm. long, which is her- 
metically inserted into the meatus by means of an olive-shaped 
tip, the free end of which is connected with a small powerful 
air-bag (No. 3). The aspiration is accomplished in the following 
manner: The air-bag is first compressed, the olive-shaped tip is 
then hermetically introduced into the external meatus, and the 
air-bag allowed to expand slowly. This procedure may be 
repeated four or five times at one sitting. 

In carrying out the various methods of rarefaction, it is 
important that the aspiration is not performed too rapidly, as a 
painful tearing of the bloodvessels may occur in the meatus and on 
the membrane; it is even possible to cause a rupture of the latter. 

Earefaction of air in the external auditory canal is used — 

A. For Diagnostic Purposes : 

1. It renders, with the aid of Siegle’s speculum, a means by 
which we are able to ascertain the exact amount of excursion, 
the degree of tension, and the resistance of the various parts of 
the membrane, and to diagnose its partial or complete adhesion 
with the inner tympanic wall. 

2. To locate perforations in those cases in which the borders 
of the aperture lie in contact, and are recognized only by the 
appearance of secretion at a certain spot on the drum during 
aspiration. 

3. To diagnose localized suppurative processes in the middle 
ear, especially in the attic and antrum. 

4. To diagnose polypoid growths in the attic and antrum. 

5. To diagnose extradural abscesses {vide special chapter). 

B. For Therapeutic Purposes ; 

1. In all catarrhs of the cavum tympani and Eustachian tube 
in which the membrana tympani is retracted, but only after the 
tube has been made permeable by an inflation of air. 

2. In adhesions between the membrana tympani and inner 
tympanic wall. 

3. After paracentesis of the membrane, in order to aspirate 

serous, mucous, or purulent exudates from the cavum tympani 
into the external auditory canal. . 

4. To aspirate pus from the cavum tympani into the external 
meatus (E. Polizter, Gruber) in chronic middle-ear suppurations, 
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but only after an inflation has been given; furthermore, in cases 
in which the injection of air through the Eustachian tube is 
impossible, or in which no beneficial result is obtained; and, 
lastly, in localized suppurations^ of the cavum tympani whicli 
do not communicate with the tube. 

5. In subjective noises in the ear, which often cease either 
entirely or become less troublesome. Besides this, it often pro- 
duces a noticeable subjective relief in the ear and head, which 
renders this method of special value in the treatment of middle- 
ear catarrhs. 

6. To relieve dizziness and attacks of vertigo brought about 
by an increased labyrinthine pressure, which is produced either 
by diseased products in the middle ear or by a pathological 
process in the labyrinth itself. Attacks of vertigo caused by 
syringing when there is a perforation of the'membrana tympani, 
or by other manipulations in the ear, may be quickly relieved 
by rarefaction. Delstanche succeeded in curing a case of 
sudden deafness, following an explosion, by treatment with 
his mrefacteur ; Goris and Lecocq reported the cessation of 
epileptic attacks by the use of the same instrument {epilefsia 
e;B aure loesa). 

The Condensation of Air in the External Auditory Canal, 

The condensation of the air in the external auditory canal is 
used less often than rarefaction in non-perforative middle-ear 
diseases. On the other hand, in a number of cases in which a 
perforation of the membrane exists, good results are obtained by 
condensation (Lucae). It is best accomplished with Delstanche’s 
masseur or with the electric pneumo- massage previously described. 
By this procedure, the compressed air is forced through the tube 
into the naso-pharynx, and may be distinctly heard as a rattling 
noise; if there is no secretion in the middle ear, however, the 
air may escape with a dry, snapping sound. 

Condensation of air in the external meatus is used — 

I. For Diagnostic Purposes : 

To establish the presence of a perforation in cases in which 
the aperture in the membrane is invisible, and in which an infla- 
tion gives a negative result. If one end of the auscultation tube 
is placed in the nostril of the patient, while the other end is 
inserted into the ear of the physician, the air, escaping into the 
pharynx, will be plainly heard every time it is condensed in the 
external meatus. During this procedure, the patient must breathe 
quietly through the mouth in order to avoid the disturbing 
sounds of respiration (method of the author). 

II. For Therapeutic Purposes : 

(«) In perforation of the membrana tympani, to remove the 
secretion from the middle ear in cases in which neither the air- 
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douche nor rarefaction of the air in the external meatus succeeds 
in expelling it. The secretion is thus forced into the naso- 
pharynx from the Eustachian tube, and only from the anterior 
portion of the cavum tympani. During this manipulation, great 
pressure is to be avoided, as it may easily cause attacks of 
vertigo. 

(b) After paracentesis of the membrana tympani, where it 
is desired to force tenacious masses of mucus through the tube 
into the pharynx, because their removal is rendered difficult 
through the artificial opening. 

(c) In dry perforations, to- make the tube permeable when it 
cannot be accomplished by an inflation of air. This procedure 
must be undertaken with great precaution, and must be im- 
mediately mterrupted if dizziness occurs (compare contra- 
indications). 

(d) To irrigate the tympanic cavity from the external meatus 
when this is impossible through the tube or by the author’s method. 
The manner of performing this operation is as follows: After the 
middle ear has been cleared of secretion by means of an air- 
douche and syringing, the external meatus is filled with warm 
water. The olive-shaped tip of the tube is then tightly inserted 
into the external orifice of the ear, and the water driven through 
the tube into the pharynx by compressing the air-bag. Where 
it is desired to use a larger quantity of warm water, a large 
syringe or an air-bag syringe (No. 8) may be employed, both of 
which are provided with an olive-shaped tip. This procedure, 
proposed by the author, has been very serviceable in several 
obstinate cases of middle-ear suppuration in which other methods 
have failed. 

(e) In certain forms of deafness resulting from catarrhs of the 
middle ear (Delstanche, vide special chapter). 

(/) To alleviate subjective noises which are neither diminished 
by the air- douche nor by the rarefaction of the air in the external 
meatus. 

Condensation of the air in the external meatus is contra- 
indicated when the membrane is retracted, and, furthermore, if a 
perforation of the membrane is associated with such a resistance 
in the tube that the air will not pass by the author’s method. In 
such cases, great dizziness, ringing in the ears, and deafness are 
often produced by the increased labyrinthine pressure. These 
unpleasant symptoms are most easily alleviated by immediately 
aspirating the air from the external meatus. 

From the foregoing, it is evident that the method of rarefaction and con- 
densation of air in the external meatns mnst always be regarded only as a 
supplement, and in many cases as a partial substitute for those methods 
which serve to bring about the permeability of the Eustachian tube. 
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The Rarefaction and Condensation of the Air in the 
External Auditory Canal. " 

The alternate application of these two methods, performed in 
rapid succession, was introduced into practice by Delstanche as 
massage of the membraha tympani and ossicles. It produces 
an increased mobility of the ossicular chain, which has become 
lessened, partly through rigidity of its joints and partly through 
adhesions between the membrana tympani, ossicles, and tympanic 
walls. This method is therefore especially applicable in adhesive 
processes of the middle ear and in otosclerosis. 

For pneumo-massage of the membrane, we employ either Delstanche’s 
masseur, Siegle’s speculum, or a small air-bag (No. 3), to which is attached a 
piece of rubber tubing and an olive-shaped tip, which fits into the external 
auditory orifice. In the last few years, electro-motor apparatus have been 
constructed by various manufacturers of electrical appliances, to which the 
masseur of Delstanche is attached and set into motion by the electric current. 
By means of these apparatus the variations of air-pressure in the auditory 
canal can be increased or diminished at will. In some cases, the therapeutic 
effect derived from these apparatus excels that obtained by Delstanche’s 
masseur while in other cases the latter is more serviceable. 

As a rule, massage is commenced with aspiration, which is 
followed by compression. The duration of the application — that 
is, the number of oscillatory movements — depends on the 
anatomical cause disturbing the function of hearing. It varies 
from five to ten minutes. The greater the disturbance of hearing, 
the longer the massage can be applied. Sometimes, as in many 
cases of sclerosis, short, quick strokes, following in rapid succes- 
sion, prove more beneficial than slow, forcible aspirations and 
compressions. 

In applying massage, the mtensity of the air-pressure is 
regulated by the degree of obstruction in the sound-conducting 
apparatus. The greater the disturbance of hearing, the greater 
must be the pressure applied. In middle-ear diseases accom- 
• panied by a slight disturbance of hearing, violent massage 
causes a feeling of pain, sometimes dizziness and increased 
tinnitus, while in diseases accompanied by a marked disturbance 
of hearing, massage of the same pressure produces hardly any 
unpleasant symptoms. Accordingly, in each case, we gradually 
increase the aspiration and condensation, as we must take into 
consideration the above-mentioned subjective sensations of the 
patient. When pain is experienced, we must lessen the pressure. 

Pneumo-massage occasions, in many cases, not only a decided 
improvement in hearing, but also a momentary, temporary or 
permanent diminution in the subjective noises. It exercises a 
decidedly beneficial effect upon the head symptoms, such as 
heaviness, feeling of fulness, deafness, etc., which usually accom- 
pany affections of the ear, and which are not infrequently entirely 
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cured by this method of treatment. Sometimes, however, one 
observes an increase in the subjective noises, dizziness, and a 
diminution of the power of hearing, oven after a short application 
of the massage. Pneumo-massage is contra-indicated in inflam- 
matory affections of the middle ear, and in primary, uncompli- 
cated diseases of the sound-perceiving apparatus (Ostmann). 

Lucae reconuneucls a probe, containing a small spring, for the immediate 
massage of the ossicles; its hoUowcd point is covered with a small piece of 
rubber, and is placed against the processus brevis. By repeated, gentle 
tappings with this sound on the short process of the malleus, the chain of 
ossicles is mobilized, and thus in adhesive processes of the middle ear an 
increase in the hearing of a varying degree is obtained. This method is often 
very painful, even if the instrument is carefully manipulated, but is some- 
times well endured after repeated applications. Kbnig uses a sound of this 
nature for massage, the end of which is covered with paraffin. Besides 
Lucae, Jacobson and Walb also report very good results from the application 
of this sound. According to the author’s observations, tliis method of treat- 
ment does not, on the whole, give better results than pneumo-massage. In 
a few cases, however, a greater increase in the hearing is observed after the 
use of this sound; still, there arc cases in w'hich its application produces a 
decided change for the worse. 


C. The Tests for Hearing^. 

The tests for hearing hold an important place in otology as a 
means of diagnosis. They not only aid in determining the 
degree of impairment of hearing, but also in localizing the 
pathological changes. When the other methods of examination 
give a negative result, we are enabled by these tests to determine 
whether the cause of the disturbance of hearing has its seat in 
the sound-conducting or in the sound-perceiving apparatus. 
These tests are still further of special value, as it is only 
through them that we are in a position to note the result of 
treatment. 

In using the tests for hearing as a means of diagnosis, we 
must examine the power of perception for the waves of sound 
transmitted through the air to the membrana tympani, as well 
as the sound perception through the cranial bones. 

A. Testing the Power of Perception for the Waves 
of Sound transmitted through the Air to the 
Membrana Tympani. 

1. Testing the Acuteness of Hearing for Simple Tones. 

(a) Testing the Acuteness of Perception for the Watch and 

Acoumeter. 

The watch, tuning-fork, and speech, ‘svliich were formerly our 
only aids in testing, proved insufficient as means of ascertaining 
the exact condition of the function of hearing in diseases of 
the ear. 
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In testing the acuteness of hearing for simple tones, we still 
frequently use the ordinary watch or a stop-watch. As all 
watches differ considerably in the pitch and intensity of their 
tone, it is evident that the results vary greatly when testing 
with different instruments. They are therefore not suitable in 
enabling us to obtain a precise knowledge of the acuteness cf 
hearing. 

These imperfections induced the author to construct an 
acoumeter, having a fixed tone, and intended to replace the 
watch in the tests for hearing. 

Each ear must be examined separately. During the examina- 
tion of one ear, the meatus of the other must be closed as tightly 
as possible with the moistened finger. The hearing distance is 
ascertained by gradually bringing the instrument nearer to the ear 
of the patient until the strokes of the watch or acoumeter are 
distinctly audible. To avoid errors in diagnosis, the patient is 
requested to cover the eye of the same side with the correspond- 
ing hand, so that he cannot see the place from whence the sound 
originates. 

In order to properly judge the value of the tests for hearing, 
it must be stated that the acuteness of sound perception 
is subject to great variations, not only on different days, 
but also at different times of the same day. It may even 
vary within a very short time, and is also influenced by the 
temperature and humidity of the atmosphere, and by somatic 
and psychical conditions. It is self-evident that the sounds 
and noises occurring during the day influence the results of the 
tests. 

The acuteness of hearing for the acoumeter, or for the watch, frequently 
shows marked differences, according to whether the instrument is approxi- 
mated to the ear from without the boundary of perception, or whether it is 
removed from the ear after the sound has been perceived. In the latter case, 
the hearing distance is almost always greater than in. the former. The cause 
of this, in the author’s opinion, lies in the fact that when the sound, which has 
not yet been heard, is brought near to the ear, the endings of the auditory 
nerve, which are at rest, require a greater stimulus to disturb their equi- 
librium. Accordingly, the origin of the sound must be brought nearer to the 
ear in order to irritate the auditory nerve. On the other hand, when the 
aheady perceptible sound is withdi’awn from the ear, the auditory nerve is in 
a state of irritation, and is kept in this condition by vibrations of lesser 
intensity, so that the sound is perceived at a greater distanee. 

The average normal hearing distance for the acoumeter is 
15 m. Hartmann, Chimani and the author obtained this result 
by tests which were carried out in rooms as noiseless as possible, 
and on individuals with normal hearing. Therefore, accordmg 
to Knapp and Prout,* the relative hearing power for 1 m. is 
' for 10 cm. I’j-, and for 3 cm. As 15 m. is supposed to be 

the normal hearing distance for the acoumeter, these fractions 

* A.f. 0 ., vol. xiii.; A.f. Augen- u. Olirenlieilk., vol. vi. 
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express the relative hearing distance in diseased conditions. 
Bezold and the author noticed that when there is an increase iii 
the hearing distance for tho acoumeter, it may be concluded, with 
great probability, that there will be a corresponding increase in 
the perception for speech; but, on the other hand, if the hearing 
distance is increased for tho watch, there need not be a corre- 
sponding increase in the perception for speech. Still, cases are 
frequently met with in which a great disproportion exists between 
the hearing distance for the acoumeter and that for speech. 
Therefore, testing with the acoumeter (or watch) has only a 
relative value. This method of testing is especially advantageous 
in those cases in which wo wish to diagnose a slight degree of 
deafness Avhich can scarcely bo detected in ordinary conversation, 
or even when testing wdth whispered speech; such disturbances 
of hearing can be discovered, however, by testing with the weak 
sounds of the acoumeter or of the watch. In a like manner, Ave 
may conclude that there is an improvement in the hearing 
distance for speech if, during tho treatment, the tick of the 
Avatch or acoumeter is again hoard, or is perceived at a much 
greater distance than in the beginning of treatment. 


(6) Testing the Perception for IVIusIcal Tones conducted 

through the Air. 

The devices used by tho specialist for this purpose are : A 
series of tuning-forks, different high-pitched whistles, a series of 
Konig’s steel cylinders, and musical instruments. 

Tuning-forks.* — Examination Avith the tuning-fork plays an 
important part in testing the hearing. Great progress has 
been made in the last feAv years in the differential diagnosis 
of middle-ear and labyrinthine affections by the combined 
method of examining the conduction of sound through the 
cranial bones and through the air by means of high and low 
tuning-forks. 

The practitioner requires at least three tuning-forks (c, c^, and 
o'*), for diagnostic purposes and for testing the perception for the 
upper, middle, and loAver tones. 

As in most text-books the number of vibrations for tho different tones is 
not correctly given, the author adds a table from Appunn, in Avhich the 
number of vibrations for the pure tones is given: 


C-’ = S2 

D-i=86 

E-i=40 


G-i = 43 

A-i=53.., 

H-’=60 

H-i = 120 
h =240 
hi =180 
hi =960 
hi=1920 
hi=3S10 

1,1 = 7680 
h* = 15360 
hi =30720 

0-1 = 64 

D-i=72 

E-i = 80 

P-i=85,„ 

0-1 = 96 

A->=106„. 

0 =128 

d =144 

e =160 

£ =170,,. 

g =192 

a =2l3j3j 

cl =256 

di=288 

e'=320 

£1=341, „ 

gi=384 

ai=160,.. 

cl = 512 

d'‘=576 

o’ = 610 

£i=682,„ 

gi=76S 

ai=853,.. 

cl =1024 

di=1152 

01=1280 

£1=1365,., 

gi = 1536 

ai = 1706,a. 

o* = 2048 

d*=2301 

O‘=2560 

£•=2730.,, 

g‘=3072 

a* =3413,., 

Ci = 4080 

di=460S 

el =5120 

£1=5401.,. 

gi = 6144 

ai=0S26,,, 

O“ = S102 

d«=9216 

o“ = 10240 

£» =10922,., 

g" = 122S8 

a" = 13653,1. 

0^=16384 

* 

d' =18432 

e' =20180 

f'=2]841,„ 

g’ =24576 

a' =27306, a. 
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While some employ for diagnostic purposes a complete octave series, 
C-’- to o’, in all nine tuning-forks, Bezold recommends the continuous range 
of forks constructed by Edelmann. This comprises ten tuning-forks, two 
pipes, and a Galton’s Avhistle. These forks are supplied with movable 
weights, and can thus be tuned for a varying range of tones. Accordingly, 
Bezold’s tuning-forks take in the entire scale of the human organ of hearing 
from sub contra 0, with sixteen double vibrations, to the highest perceptible 
tones. 

^ This complicated arrangement is of value for the discovery of gaps in the 
scale which often occur in deaf-mutes, less often in diseases of the ear, and, 
furthermore, to determine the range of hearing in deaf-mutes. 

Apart from the vast amount of time required in the manipulation of tliis 
method, it is superfluous for a differential diagnosis of middle-ear and laby- 
rinthine affections, as the same result can be obtained with a smaller number 
of tuning-forks. Hartmann recommends a series of five tuning-forks; 
Dennert advises the use of c or c^, o®-c®; Pause, c“-c®; Bonnier, a tuning- 
fork with exactly 100 double vibrations; Lucae, a small English tuning- 
fork, which is provided with a scale and movable clamps; if the position 
of the latter is changed, a rise of tone, encompassing an octave, can be 
produced. 

Testing the Perception for the Tuning-fork by Conduction 
through the Air. — In carrying out this test, we first determine 
the decrease in the hearing distance in the diseased as compared 
with the normal ear. The method of ascertaining the acuteness of 
hearing, according to the time the vibrations of the tuning-fork 
are heard, was introduced by Conta.* For this purpose, the 
most serviceable instrument is a Konig c^ tuning-fork (256 V.= 
Konig’s ut2=512 double vibrations), which is put into vibration 
by gently striking one of the prongs against the palm of the 
left hand. It is desirable to use, as near as possible, the same 
force at every stroke. It is then held before the ear of the 
patient until he states that he no longer hears the sound. The 
tuning-fork is then brought to our own ear (or, if we are dealing 
with a unilateral affection, to the normal ear of the patient), 
and the difference in time is noted between the perception of the 
diseased and the normal ear. This method, however, is by no 
means precise, as the difference in time between the perception 
of the diseased and the normal ear shoAvs great variations if the 
tests are often repeated. The results of this method of testing 
are seldom in proportion to the degree of deafness for speech. 
We can, nevertheless, always employ it, in conjunction Avith the 
other methods of examination, to ascertain whether there is an 
increase in the hearing during treatment — in other words, to 
determine the improvement in the hearing, or the reverse, at a 
later examination. 

If we wish, in bilateral affections, to establish the qualitative 
difference in the'perception of the two ears, the Aubrating tuning- 
fork ( c^) is changed from one ear to the other at short intervals, 
and held at about the same distance from both ears; the patient 


* Arch. f. Ohrenh., vol. i., p. 107. 
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is then asked in whicli ear the tone is better perceived. The 
tone of the tuning-fork ^Yill generally be more faintly perceived 
by that ear which is diseased; the opposite is seldom the case. 
In slight disturbances of hearing, the difference in perception 
between the two ears must be tested with very weak vibrations, 
and the difference in time noted. By this method of testing, 
one not infrequently observes, especially in unilateral middle- 
ear affections with increased tension of the sound- conducting 
apparatus, that the tone of the tuning-fork is perceived one- 
quarter, one-half, sometimes even a whole tone higher in the 
diseased ear; it seldom happens, however, that the reverse is 
the case — in other words, that the tone is perceived lower in 
the affected ear. 

Testing the Perception for High and Low Tones con- 
ducted through the Air. — This method of testing has recently 
attained an importance which must not be undervalued in the 
differential diagnosis of middle-ear and labyrinthine affections. 
In an exhaustive paper published by the author in the year 1871 
(A. f. 0., vol. vi.), ho shoAved, by experiments on the cadaver, 
that high tones are, as a rule, heard better than low ones in 
obstructions in the sound- conducting apparatus. These experi- 
ments Avere carried out for the purpose of testing high and Ioav 
tones for diagnostic purposes. Lucae first called attention to the 
diagnostic value of testing Avith loAv-toned tuning-forks. He 
found that the Ioav- toned tuning-fork Avas either heard faintly 
or not at all in middle-ear affections in Avhich the hearing poAver 
for speech Avas greatly decreased; and, on the other hand, that 
the same tone was still Avell perceived in labyrinthine affections, 
even Avhere a high degree of deafness existed. From the fore- 
going, according to Bezold, the sound- conducting apparatus 
participates only in conducting Ioav tones, and is unnecessary for 
the conduction of high ones. The failure to perceive Ioav tones is 
therefore very important in the diagnosis of obstructions in the 
sound- conducting apparatus. 

Clinical ©bservation shoAvs that high tones are generally per- 
ceived better in obstructions in the sound- conducting apparatus, 
and that Ioav tones are heard better in diseased conditions of 
the auditory nerve. This method of examination is of diag- 
nostic value only Avhen taken in conjunction with the other 
tests. According to Avhat. has been- detailed above, Ave can 
state that loAv-toned tuning-forks are of the greatest assist- 
ance in diagnosing an obstruction in the sound-conductmg 
apparatus, as in such cases it is exceptional for the deep tones 
to be perceived. Testing Avith high tones, hoAvever, is less 
reliable, because in middle- ear affections in Avhich the hearing is - 
greatly diminished the perception for these tones may also be 
lacking. On the other hand, again the perception for the Ioav 
tones may be entirely absent when the auditory nerve is effected, 
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while, according to the author’s observations, the high tones 
are rather often distinctly audible to the highest limit of per- 
ception. 

In testing the perception for low tones, the tuning-fork c (128 Y.) 
is sufficient for most cases; still, it is sometimes necessary to use 
the C-^ (64 V.). Politzer found that the vibrations of these forks 
were perceived as a sensation of touch by the auricle and mem- 
brana tympani in a great number of cases in which the disturbance 
of hearing was' due to an obstruction in the sound-conducting 
apparatus. These sensations were interpreted by the patients 
as sounds, which could not have possibly been the case, as they 
could not even hear the higher tones of the next tuning-fork above. 
In testing the perception for high tones, we use the o'* (2048 V.) 
or c® (4096 V.) tuning-fork; lastly, to test the uppermost limit of 
the scale, we employ Galton’s whistle, introduced into practice 
by Burkhardt-Merian (1878) and perfected by Bdelmann. 

Galton’s whistle consists of a small, covered, cylindrical tube which can be 
lengthened and shortened by a movable piston. The inferior part of the 
piston is in connection with a hollow cylinder which glides over the cylinder 
of the wliistle. On the latter there is a longitudinal scale marked off in 
‘ tens,’ while on the former there is a scale around its inferior margin to read 
off the single numbers. By compressing a small rubber bag attached to 
its inferior extremity, the instrument is made to produce its tone (whistle). 

According to Burkhardt-Merian, the Galton whistle takes in more than 
the three upper octaves of the scale, the tones of which have 6,481-84,000 
simple vibrations per second'. This instrument is therefore suitable for ascer- 
taining the power of perception for the highest tones. Although our upper- 
most range of perception for the whistle ceases at 40,000 V., we are nevertheless 
aware that there are still higher vibrations, as-is proved by the quivering of 
a sensitive gas-flame. 


In case of necessity, musical instruments such as a piano or 
harmonica can also be used to test the perception of low and 
high tones. 

Testing with high-pitched tuning-forks and Galton’s whistle 
is_ of value only in bilateral affections, and in cases in which the 
disturbance in hearing is far advanced. In unilateral affections, 
the results of testing are unreliable, as the perception for the 
higher tones cannot be excluded in spite of hermetically closing 
the normal ear. The same applies to bilateral affections in which 
the one ear is only slightly affected. In some cases, we can 
localize the perception of sound in the diseased ear by conducting 
the tones into the auditory canal by means of a long ear-trumpet. 

The perception for high tones, especially those of Galton’s 
whistle, decreases in old age mainly as a result of retrogressive 
changes in the labyrinth (Zwaardemaker). Inability to perceive 
the highest tones is physiological in some persons. 


10 
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(c) Experiment of the Author to Test the Perception for the 

Tone of the Tuning-fork through the Eustachian Tube. 

This experiment, first performed by the author (p. 59), consists 
in holding a vibrating tuning-fork (25G V.*) in front of the 
nostrils, whereuppn its tone is more strongly perceived in both 
ears during an act of swallowing. It can be used as a means of 
diagnosis in a number of cases: (1) To ascertain the permeability 
of the Eustachian tube; (2) to establish the presence of an obstruc- 
tion in the sound-conducting apparatus. The results of this 
experiment are: 

1. In unilateral middle-ear affections, associated with imper- 
meability of the tube resulting from swelling of its mucous 
membrane or clogging with secretion, the tone of the tuning- 
fork c^, when held before the nostrils, will be heard only in the 
normal ear in the majority of cases. If, in unilateral deafness, 
a diagnosis of middle-ear disease is made by the condition of 
the membrana tympani or by Weber’s or Einno’s test, and the 
tone of the tuning-fork, held before the nostrils, is heard louder 
in the normal ear, we maj'’ conclude that the tube is impermeable 
on the diseased side. 

If, in such cases, the permeability of the tube is established 
by catheterization or by the author’s method, the tone of the 
tuning-fork held before the nostrils will be heard louder in the 
diseased ear; this may be either temporary or permanent. This 
symptom is a favourable prognostic sign, as we may conclude 
that the permeability of the tube can be restored. 

2. In those unilateral middle-ear affections in which the 
Eustachian tube is permeable, a c^ tuning-fork held before the 
nostrils will often be heard louder in the diseased ear (as in 
Weber’s test). Exceptions to this rule are not rare. If, there- 
fore, in unilateral deafness, an obstruction in the sound-con- 
ducting apparatus has been diagnosed by ocular inspection or by 
Weber’s or Einne’s test, we may conclude that the tube of the 
diseased ear is permeable if the c^ tuning-fork is perceived louder 
in this ear. This phenomenon occurs most frequently in uni- 
lateral chronic middle-ear catarrhs, and in otosclerosis; also m 
purulent middle-ear diseases, running their course with perfora- 
tion of the membrana tympani, especially in cases in which the 
perforation is dry, and in which the swelling of the mucous 
membrane of the middle ear is slight. 

In bilateral affections, in which one ear is decidedly more 
affected, this test seldom gives the result previously described. 

3. In middle-ear suppurations which have run their course 
and are associated with a perforation of the membrane which 
fails to close, and also with cicatrices in the latter, the examiner 
can occasionally hear the sound of the tuning-fork greatly 

* High and low tuning-forks are not suitable for this experirnent. 
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increased during this exiicriment by the aid of the auscultation 
tube. The same is also noticed if thin cicatrices are stretched 
before the tympanic orifice of the tube. 

4. In unilateral labyrinthine affections, in which the objective 
examination and all the symptoms point to a diseased condition 
of the auditory nerve, the tone of the c^ tuning-fork will be 
heard only in the normal ear Avhen the tube is at rest, as well 
as during an act of swallowing. 


2. Testing the Hearing for Speech. 

Oscar Wolf, of Prankfort-on-the-Main,* deserves the credit, 
through many thorough investigations, of having established the 
keynote for the different sounds of speech, as well as the distances 
at which they could be distinguished. 

According to this author, si)eech has a compass of eight 
octaves, from G-- to c®. The lowest tone is E lingual, the 
highest S. He calls the following self-toned : The loud E lingual, 
B, K, T, P, S, Sch, and G soft. On the other hand, the follow- 
ing borrow their tones: L, M, N, and W. The self-sounding 
letters possess, according to Wolf, a definite, intrinsic tone, 
while those which borrow their sound have no definite tone of 
their own. 

In fixing the hearing distance for speech with a view of esti- 
mating the amount of disturbance of hearing, many difficulties 
are met with. Attention must be called to the fact that the 
vowels are perceptible at a greater distance than the consonants, 
owing to the strength of their tone and the greater amplitude of 
their vibrations. f It is for this reason that patients frequently 
hear only the vowels of a word of several syllables, and change 
the consonants, and when repeating what they have heard pro- 
nounce another word which contains the same vowels, but 
different consonants; for example, in using the word ‘ g'arter,’ 
they repeat ‘garden’; for ‘marble,’ ‘gargle’; for ‘grocer,’ 
‘ broker,’ etc. It is also observed that those words in which the 
vowels a, a, and i occur are more easily perceived, and at a 
greater distance, than those which contain the vowels o and it. 
It must still be added that the self-toned consonants are heard 
with more difficulty than those which borrow their sound. The 
power of comprehending different words at a fixed distance 

* SpracJie und Olir : Acusli^ch-physwlojtsche and patliologische Studien 
(Braunschweig, 1S71), and Xeue Untcrsuchiaigen uber Ilorprufung und 
Horstdrungen ; A.f. Augcii und OJircnJieilk., vol. iii. Tenter Horprufungdworie 
und ihr differentiell diagnostischer Werth. Zeitschrijt /. Ohrenheilkunde, 
vol. XX. Die Hdrpriifting mitUcst der SpracJie. Zeitschrijt f.OIircnJtcilkunde, 
vol. xxxLv. 

t Compare A. Politzer’s experiments in reference to this (A.f. 0., vol. vi.), 
and this text-book, p. GO. 
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therefore depends on the manner in wliich the vowels and con- 
sonants are combined, and also on the rhythm and accentuation 
of the syllables. For this reason, some words are understood at a 
disproportionately greater distance than others. 

The difference in the volume and timbre of the voice in different 
individuals, both for ordinary conversation and whispered speech, 
is an important factor in testing the hearing for speech. 
Another important factor is the impossibility of always speaking 
with the same strength of voice, even with the most careful 
practice. The results of testing the hearing for speech are 
therefore not of absolute, but only of relative, value. 

The above test, in spite of its imperfections, must nevertheless 
be considered as indispensable in estimating the disturbance of 
hearing and the results of our treatment. We have learned from 
experience that a striking disproportion often exists between the 
hearing distance for the watch (or acoumeter) and for speech, 
and that the hearing distance for the former not infrequently 
increases to a considerable extent during treatment, while the 
distance for the understanding of speech increases but slightly, 
and vice versa. The degree of deafness for speech can therefore 
not be estimated from the results obtained by testing with a 
watch or other sound-producing instrument. Since, in the 
treatment of disturbances of hearing, our endeavour is mainly 
centred in the re-establishment or improvement in the hearing 
power for speech, the latter therefore becomes indispensable as 
a means of testing. ' 

To ascertain the hearing distance for speech (quantitative test, 
according to 0. Wolf), we use ordinary conversation as well as 
whispered speech. The result of the test is more certain when 
using the latter, as the ordinary volume of tone is diminished 
by the speaker, and the waves of sound reach the ear with much 
less intensity than when using loud speech. 

In spite of the fact that, when testing with whispered speech, 
the differences in the hearing distances for certain words are less 
than when testing with loud speech, we must nevertheless always 
test with both where the room-space permits.. We employ both 
forms, as no positive relation exists between them, and the per- 
ception for whispering does not allow us to draw a conclusion 
as to the perception for conversation. It is essential that we 
ascertain the hearing power for the latter, as it gives us an idea 
of the patient’s power of perception for ordinary conversation. 
In severe forms of deafness only conversation speech can be 
used. 

O. WoK {loc. cit.) has presented a systematized scheme, in tablet form, of 
the tones of speech used in testing; in a second tablet, the distances at winch 
they can still be distinctly differentiated. According to this author, A is 
heard the furthest (280 m.), while mute H is heard at the shortest distance 
(10 m.). Between these two extremes are the remaining tones of speech; of 
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fclieae, the shuplo and combined vowels a, o, ci, c, i, eu, an, and u are per- 
ceived at the greatest distanco (288-224 in.), tlio consonants sch, in, n, s 
(100-140 m.) f, k, t, r (55-35 ni.), b, g, h (10 ni.). These iigures, obtained 
by Wolf from his own tests, possess no absolute value, as the intensity of 
whispered, and especially of ordurary, speech varies hi different uidividuals. 

The average normal hearmg distance for whispered speech in a room as 
noiseless as possible is, according to Chimani and 0. Wolf, 20-21 m.; accord- 
ing to Denkci’, 20-25 m.,- according to Hartmann and Siebeimiaim, 25-2(5 m. 
JOuring the noise of the day, ivhich often has a marked inlluenco on the 
Iierception for speech, it is 20 m. Janlcau found tlie hearing distance to bo 
10-12 m, for words, and 14-15 m. for figures. According to Matte and 
Schultes, figures from 1-99 should be understood at a distanco of 45 m. 
These differences show tho great variations in the intensity of whispered 
speech. Harth justly distinguishes, therefore, a soft and a hard wliisper. To 
shoiv tho gi'eat differences in tho results of testing whispered speech in open 
and closed spaces, Biot’s investigations in Paris demonstrated that one could 
carry on conversation hi a low whispering voice through a water-pipe 1,040 m. 
long (Tyndall). 

In order to make a dillerential diagnosis, it is absolutely 
necessary, according to 0. Wolf, to use also the qualitative test 
for speech, in addition to the quantitative test for hearing. When 
performing this test, we must establish the range of hearing — 
that is, the hearing distance for the high, middle, and low tones 
of speech, and note whether they are heard well, with difficulty, or 
not at all, as compared with tho normal. On the one hand, 
according to tho method of Wolf,* we allow the patient to repeat 
the self-sounding consonants R lingual, B, K, T, F, S, Sh, and 
G soft, as well as tho very deep whispered U; and, on tho other 
hand, Ave select Avorcls Avhich have the most prominent sounds. 
Words Avith the self-borroAving letters L, M, N, and W, may bo 
disregarded Avhile testing. The S-sound, Avhich has the greatest 
number of vibrations, Avill be heard either badly or not at all in 
obstructions in the sound-conducting apparatus; the Sh-sound is 
heard someAAffiat better. Failure to hear the F-sound is supposed 
to occur in labyrinthine diseases (Wolf). The deepest tone of 
speech, according to the above author, is lingual R (Avith sixteen 
double vibrations) ; in cases in Avhich the membrana tympani is 
defective it is often not perceived. The failure of perception for 
the lingual R and the Avhispered U, when the sound-conducting 
apparatus is intact, may be considered as an important point in 
the diagnosis of a labyrinthine affection Avhen taken in conjunc- 
tion AAuth the other symptoms. 

When certain Avords are repeatedly used for testing, they may 
easily be guessed by the patient, and errors may thus arise in 
judging the improvement in hearing that takes place during 
treatment. It is therefore advisable always to use different 
AVords. Testing AA'ith sentences is not adAusable, as tho hearing 

* Compare Scbwabaeli {Arch. f. Ohrenh., vol. xxxi., p. S2), and E. Block, 
Vchcr eiulieiiliche Bezeichuiigcn tier otologishen Fundioiisprufumj^mcthoden, 
Z.J. 0., vol. xxxiii. 
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of certain words may lead the patient to guess the entire 
phrase. Testing with numbers alone is very impracticable, as 
by .their repeated use the whole number is guessed by hearing 
the vowel. 

Only groat differences in the hearing distance for speech allow 
us to come to a conclusion that an improvement has taken place 
during the course of treatment. As, however, many words are 
heard at a disproportionately greater distance than ethers, it is 
advisable, at the first examination, to fix the distance at which a 
certain number of words are heard; these should be noted so as 
to compare the hearing distance for the same words at a subse- 
quent examination. In the case of children, only such words 
should be used which are Avithin the sphere of their comprehen- 
sion, as they become tired and restless from long testing. 

When testing the acuteness of hearing for speech, special care 
must be taken that the patient does not Avatch the examiner, as 
many patients, especially those Avho have been deaf since child- 
hood, possess a special skill in reading the lips. 

Each ear must be tested separately, the one being turned 
directly toAvards the speaker, AA'hile the other is hermetically 
closed Avith the moistened finger. In unilateral deafness, special 
care must be taken that the normal ear is closed as tightly as 
possible; should this precaution be neglected, Avords spoken in a 
moderately loud tone in the neighbourhood of the diseased ear 
may easily be heard by the normal one, and also through the 
cranial bones or through the Eustachian tube. If this is not 
borne in mind, mistakes may easily arise; in such cases, there- 
fore, Ave must avoid speaking too loud in the neighbourhood 
of the patient. If Ave Avish to be positive Avhether the patient 
really heard Avith the diseased ear, Ave can test the hearing with 
both meatuses closed. Should the patient hear at the same 
distance after closure of the diseased ear, it may be assumed with 
certainty that he heard Avith the normal ear; but should he not 
be able to hear at all, there can be no doubt that speech was heard 
by the diseased ear before closure. 

To determine, in cases of severe deafness, whether speech is heard by means 
of the membrana tympani and ossicles, or through the cranial bones and 
Eustachian tube, a long hearing trumpet should be used, the funnel of which 
is held beyond the range of the patient’s hearing distance. If speech is not 
heard through the trumpet, Ave can then exclude sound conduction by means 
of the ossicles. To ascertain whether speech is heard through the Eustachian 
tube, the mouth and nostrils should be fii’mly closed and the hearmg 
distance tested. We may conclude with certainty that the patient hears by 
means of the tube if Avords Avhich are clearly heard at a certain distance 
are no longer perceived after closure of the mouth and nostrils. 

In addition to the separate examination of each ear, it is 
adAusable to find out at what distance the patient understands 
speech Avith both ears, because this does not correspond in most 
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cases with the results obtained in the separate examination, 
and, because this is the hearing distance used by the patient 
in ordinary intercourse. In carrying out the test, the patient 
faces the physician and looks at the floor. The author regards 
this method of ascertaining the hearing distance for speech, 
before and after treatment, the more important, as it affords 
us a most reliable means by which we are able to judge the 
amount of improvement. The combined hearing distance thus 
obtained with both ears open is greater than that of the better 
hearing ear when tested alone. 

Before concluding tliis chapter, we must still mention a few facts in reference 
to the disturbance of hearing for speech. Most patients who have a slight 
degree of deafness understand speech wliieh is not too loud, but clearly 
accentuated, better than words uttered too loud and quickly. Female voices 
with a clear, high timbre are better understood than the Hat, low voices of 
males. Habit plays a very important part, and the speech of relatives or 
acquaintances is much more easily understood than that of strangers. Words 
which are used in daily life are heard at a greater distance than unfamiliar 
ones, and a foreign idiom is heard with much more difficulty than one’s 
native tongue. In cases in which the disturbance of hearing is slight, the 
deafness for certain special words is sometimes remarkable. With a slight 
degree of deafness, it is exceptional that speech is heard better at some dis- 
tance than close at hand. In some very rare cases, whispering is heard at 
a greater distance than loud speech. Musical tones are better perceived than 
speech. It is for this reason that people with even a high degree of deafness 
can fully enjoy a concert, while they are totally unable to understand the 
ch'ama. 

B. Testing the Perception for the Waves of Sound con- 
ducted to the Ear through the Cranial Bones. 

1. Testing with the Watch and acoumeter. 

The vibrations of a body brought into contact with the cranial 
bones are distributed to all parts of the head, and thus reach the 
internal ear. These vibrations reach the labyrinth in two ways: 
(1) by direct conduction through the solid bones to the labyrinth, 
and (2) by transmission from the cranial bones to the membrana 
tympani and ossicles, and from these to the labyrinth {cranio- 
Ujmpanic conduction). Henson and Bezold doubt that the waves 
of sound are perceived by direct conduction through the cranial 
bones to the labyrinth, but assert that it takes place only through 
cranio- tympanic conduction. This view is contradicted by the 
fact that a still stronger perception through the cranial bones is 
observed when there is a complete loss of the drum membrane 
and ossicles. 

According to Frey,'*' the sound is conducted through the bones of the head 
in the same manner as this occurs in all other osseous tissues — that is, 


* Frey, Experimentelle Studies iiber die Schallleitung tin Schddcl. Zeit. /. 
Psijchol. It Physiol, d. Siniicsorgane, vols. xxviii. and xxxiii. 
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principally by tlie most compact parts of the same; in other words, alon'» 
those parts which are most elastic, and therefore rcsxmnd most easily to 
vibrations. The structure of the petrous portion of the temporal bone appears 
to him to be especially sxiitable for this purpose. 

The perception for the waves of sound conducted through the cranial 
bones is greatly modified by pathological changes in the organ of hearing. 
Attempts have been made to utilize these changes for diagnostic purposes. 
Although bone conduction for the rvatch is not considered so valuable 
for a differential diagnosis, nevertliclcss it must not be omitted, because 
in some cases important diagnostic and prognostic indications are thereby 
obtained 

The watch, acoumoter, and tuning-fork arc used for testing 
the perception for sound through the cranial bones. Testing 
with a weaker instrument, as the watch, cannot bo dispensed 
with in those cases in which it is required to ascertain whether 
the 2>erception of the acoustic nerve is normal or dinodnished. If 
a low-ticking watch is heard, it may be inferred that the per- 
ceptive power of the auditory nerve is intact. If the watch is 
not perceived at all, while the acoumeter is still distinctly 
heard, we may assume that there’ is a decrease in the power of 
perception of the auditory nerve, so that one thereby sees the 
importance that cranio-tympanic conduction has in middle-ear 
diseases. If the strokes of the acoumeter are also no longer 
audible, it may be inferred that there is a severe affection of the 
sound-perceiving apparatus. 

In order to test bone conduction with the watch, it is pressed' 
against the temples, mastoid process, or teeth, while both auditory 
orifices are tightly closed. The watch is heard the loudest at 
the last-mentioned place, less loud at the forehead, parietal 
bone, and occiput. Testing with the acoumeter is carried out in 
a similar manner, the metal plate of which is brought into 
contact with the above-mentioned parts of the head. In the 
majority of cases, the ticking of the watch will be heard in the 
ear which we are examining, but occasionally, however, it is per- 
ceived in the opposite ear. 

The power of perception through the cranial bones is more or 
less diminished in old age owing to senile degeneration of the 
auditory nerve. Cases are not rare in which a low-ticking watch 
is not heard through the cranial bones after the fiftieth year; it 
is rarely heard after the sixtieth year. Therefore, in patients over 
fifty years of age, the absence of sound perception through the 
cranial bones has not the same significance as in younger 
individuals. 

In reference to the diagnostic and prognostic value of this 
method of testing, we may conclude that only in those cases in 
which we have demonstrated the existence of a middle-ear affec- 
tion is there a simultaneous diminution in the power of percep- 
tion of the auditory nerve when there is a complete failure for the 
perception of the watch or the acoumeter through the cranial 
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bones. This method, according to the author’s opinion, has a 
positive diagnostic value only in such cases in which the ticking 
of the watch is still well perceived through the cranial bones, 
although there is a marked diminution in perception for the 
watch, acoumeter, and speech through air conduction. There- 
fore, we may conclude with probability that the disturbance of 
hearing is due to an obstruction in the sound-conducting 
apparatus, and not to a labyrinthine affection, providing we take 
into consideration tho results of the tuning-fork tests. This 
method of testing is, furthermore, of practical value in that the 
prognosis, ceteris paribus, is more favourable in those cases in 
which the perception for the watch through the cranial bones is 
present than where it is diminished or entirely absent. In a like 
manner, the return of the lost perception through the cranial 
bones must be regarded as a favourable prognostic sign; this 
may occur in some forms of acute middle- ear inflammations, 
and in concussions and syphilis of the labyrinth. 

The author first called attention to tlxe fact that the watch is heard well on 
some days through tho cranial bones, while on others the perception is 
entirely absent (intermittent perception). This is observed in acute and 
chronic middle-ear, but more rarely in labyrinthine affections. Such a 
phenomenon is produced partly by .the various anatomical changes in the 
middio and internal ear, and partly by the altered tension in tho tympanic 
cavity, having a secondary influence upon the intra-auricular pressure in the 
labyrinth. 

2. Testing with the Tuning-fork (Schwabach's IVIethod) 

1. Testing the Duration of Perception through the Cranial 
Bones, — Schwabach* \Yas the first to find, in obstructions in the 
sound-conducting apparatus due to diseases of the external or 
middle ear, that a vibrating tuning-fork, brought into contact 
with the cranial bones, is heard longer than under normal con- 
ditions,f but that, on the other hand, the perception is shortened 
in diseases of the auditory nerve. Wo thus possess a method, 
oven if not always perfect, by which, in pathological cases, we 
are able to test the power of perception of the sound-perceiving 
apparatus. 

The author uses the c^ (25G V.) tunhig-fork to test the pereeptioa tlirough 
tho cranial bones; others employ c (12S V.), or a fork with a 100 V. (Boimier); 
Bezold, tho forks A and a^, on the prongs of which there are no clamps. To 
test tho perception for the higher tones, wo use tuiung-forks from c* to c^. 
The low-toned tuning-forks are unsuitable for this exaiuhiation, as the great 
excursions of the prongs are transmitted as a concussion to the cranial bones, 
and may be mistaken by tho patient for a sensation of sound. For this 


* Z.f. 0., vol. xiv.; .1./. 0., vol. xxxi. 

t According to Bing, tho time of perception for the tone of the tuning-fork (c>) 
is lengthened in tho normal car if the external meatus is closed with the linger. 
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reason, one should always use a well-made tuning-fork, which is not only 
free from overtones, but wliich docs not communicate any concussion to the 
cranial bones. 

The duration of perception through the cranial bones is tested 
in order to ascertain whether, in a special case, it is shortened or 
lengthened. In the latter case, the examiner places the vibrating 
tuning-fork against his otvn mastoid process, and at the moment 
^Yhen he fails to hear it places it against the mastoid process of the 
patient. If the patient perceives the tone of the tuning-fork 
through the cranial bones longer than the normal ear of the 
examiner, one waits until the patient indicates the moment at 
which the perception is lost, and one then observes the number 
of seconds which have elapsed between the perception of the 
normal and that of the diseased ear (lengthened bone conduction). 
If we wish to find out whether tho duration of perception is 
shortened, the vibrating tuning-fork is first placed against the 
mastoid process of the patient, and at the moment when he fails 
to perceive its tone it is brought into contact with the mastoid 
process of the examiner, and the difference in time of perception 
is noted as above (shortened bone conduction). In unilateral 
affections, or in bilateral disease where one ear is more affected 
than the other, this method is unreliable, as the perception in 
the better or normal ear will lead to improper answers by the 
patient.* 

Even in normal-hearing individuals, the time of perception of the vibrating 
tuning-fork placed on the head is also gi’eatly shortened through traumatic 
and pathological changes in the vertex of the skull (Wanner and Gudden).t 

Although, according to the author’s observations, this method 
can be relied upon alone only in special cases for a differential 
diagnosis between middle-ear and labyrinthine affections, it 
nevertheless gives important data from a diagnostic as well 
as from a prognostic standpoint. It is of value in those middle- 
ear diseases, complicated with labyrinthine affections, in which 
the duration of perception through the cranial bones is greatly 
shortened. It is of diagnostic value, inasmuch as we may con- 
clude that there is an obstruction in the sound- conducting 
apparatus when the duration of perception is lengthened (negative, 
Einne) ; when, on the other hand, there is a shortened perception 
(positive, Einne), with great deafness for speech, we may con- 
clude with great certainty that there is an affection of the auditory 
nerve. In the latter case, a diseased condition of the auditory 
nerve may be assumed with greater certainty if there is a very 

* According to Siebenmaim, the time of perception through the cranial 
bones varies within certain limits even in persons of the same age and witb 
normal hearing. Dennert thinks that it depends on the age, structure of the 
cranial bones, and size of the cavities in the mastoid. 

f Centralb. f. O., vol. xxii. 
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great difference in time between the loss of perceiffion at the 
mastoid process of the diseased as compared to the normal ear. 

Schwabach’s method is also of prognostic value, inasmuch as 
the course and result of treatment is more favourable in those 
cases in which the time of perception through the cranial bones 
increases rather than diminishes. 

2. Weber’s Test (Testing the Perception for the Tone 
of the Tuning-fork from the Median Line of the Skull). — 
Wheatsone, as well as E. H. Weber,* found that a vibrating 
tuning-fork placed upon the skull is heard much more distinctly 
in that ear in Avhich the external meatus is closed with the linger. 
The increased sound perception is produced (1) by the increased 
resonance of the external auditory canal; (2) by the reflexion of 
the waves of sound transferred through the cranial bones to the 
air in the external auditory canal, and thence to the membrana 
tympani and ossicles; (3) by the altered tension of the membrana 
tympani and ossicles (Politzer).t 

Weber’s test, when combined with other methods of testing, 
has proved a valuable diagnostic aid in diseases of the ear. 
Clinical observations show that, in the majority of cases of uni- 
lateral affection in which the sound conduction to the labyrinth 
is hindered by pathological changes in the external meatus or 
middle ear, a vibrating tuning-fork placed on the middle line of 
the skull will be heard mainly and stronger in that ear which is 
the seat of the pathological change, provided that the labyrinth is 
not simultaneously affected to such a degree that the vibrations 
of the tuning-fork can no longer be perceived by the auditory 
nerve. 

The same is often observed in bilateral middle-ear affections 
in which one ear is affected more than the other; still, we often 
meet with exceptions, inasmuch as the tone of the tuning-fork 
is heard better by the less affected ear. Weber’s method is 
therefore of little value in chronic bilateral middle-ear affec- 
tions. On the other hand, in diseases of the sound-percciving 
apparatus, provided that they are not complicated with an 
affection of the external and middle ear, the vibrating tuning- 
fork, when applied to the median line of the skull, will be heard 
louder in the normal ear.J 

A 0 (128 V.) or (256 V ), or, according to BezoId,§ au a* tuning-fork, 
free from overtones, is most suitable for the performance of Weber’s teat. 

* Cp. Politzer, Ges. der Ohr., vol. i., p. 414. 

t Compare the author’s paper, Ueber Schalleiliuig durch die Kopjknochcn 
(.1./. 0., vol. i., p. 318). 

f The increased perception for the tone of the tuning-fork through the 
cranial bones in the diseased ear in unilateral affection was alre.idy known 
to the older specialists, but was considered as a symptom of obatruction in 
the e.vternal meatus, tjunpanic cavity and labyrinth (E. Schmalz, Erfethrunjen 
tiler die Krankheiten des Gchdrs, Leipizg, 1846). 

5 Lchrbuch, 1006, p. 79. 



DISEASES OF THE EAR 


156 

Low tuiiiiig-fol'ks may also bo used where tlic results are unsatisfactory 
(Brulil). On the other hand, lugh-pitched forks should never be employed in 
tlxis test, as they often give an exactly opposite result to tliat obtained by the 

and lower tuning-forks. 

This tost is carried ouL in such a niaiiiior that one places the 
vibrating tuning-fork against tho incdiun line of the patient’s skull. 
When the test from tho vortex gives no positive result, it is 
recommended to aiJply tho handle of the fork either to the median 
line of the upper lip against tho incisor teeth, or to the median line 
of tho inferior maxilla, from which Iho sound will more often be 
correctly localized (Edwin v. Millingen). 

According to Bonnier and Ostino, tho tone of the vibrating timing-fork 
placed on the kneo in unilateral middle-car alfcetions is often also lateralized 
towards the diseased ear. 

^Vhen tho results arc doubtful, tho sound becomes more distinct in the one 
ear if tho end of an otoscope is inserted into each ear. In unilateral aifectioiis, 
the statements of the patient arc very decisive in informing us as to which 
side tho sound is most strongly perceived; tho answers of the patient are less 
reliable in bUatcral alfcctious. In such cases, one very often Hnds, especially 
in bilateral, chronic middle-ear affections, that tho tone of the tuning-fork is 
heard uniformly in both ears. Sometimes however, it is perceived more 
distmctly in tho ono ear from the vertex, Avhilo it is heard better in the other 
ear from the maxilim or base of the nose."^ Even under normal conditions, 
the vibrating tuning-fork, placed on tho parietal emhience, is heard in the 
oiJposite ear. According to Brey.f tliis phenomenon is due to tho fact that the 
vibrations of tho tuning-fork, which aro transmitted through the skull, are 
most forcibly carried to tho pohit lying diametrically opposite. 

Accordingly, Wober’s tost is of diagnostic value only in those 
cases in which the positive statement of the patient shows that 
the perception for tho tone of tho tuning-fork, from any point on 
the median lino of the skull, is lateralized principally towards 
the one, or in bilateral affections towards the more affected ear. 
We may then conclude with great probability that there is an 
obstruction in the sound-conducting apparatus. On the other 
hand, the localization of the tone of the tuning-fork in the better 
or normal ear is only of little value, us this may occur either in 
middle-ear or labj^yinthino affections. In the latter case, it is of 
diagnostic value only when taken in connection with the cause of 
the disease and with the results of Binne’s and Schwabach’s tests. 

Testing with the watch and tuning-fork often gives contrary results, mas- 
much as, on that side wliere tho perception for the tone of the tuning-fork 

* If, as the author fii'st showed, tho finger is inserted into the meatus of 
the normal ear in unilateral affections of the sound-conducting apparatus, 
the increased sound perception for the vibrating tuning-fork will be trans- 
posed from tho affected to the normal ear, and upon removing the finger 1 
will again return to the affected side. Therefore, the predominance of soun 
perception in one ear is able to overpower the perception in the other, m 
spite of an equal conduction of sound to both. Stenger’s test depends on tins 
principle. , 

t Trey, Weitere UntersucJmngen iiher die Sclialleitung im Scliaael. 
Zeitschrift f. Psychol, mid Physiol, des Sinnesorgane, vol. xxxiii., 1903. 
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from the vertex is heard better, the watch, when applied to the temple of the 
same side, is either not perceived or much weaker than by the other ear. The 
reason for this, according to the author’s view, depends in great measure on 
the difference in intensity of the sound of the watch and of the tuning-fork. 
Support is found for this opinion in that a metronome, the tick of which 
resembles that of a watch many times increased, placed upon the vertex, 
will be heard more loudly in the diseased ear. 

Alt proposes the following experiment for ascertaining the presence of a 
disturbance to the sound-conducting apparatus: If one sings or hums with the 
mouth closed, the tone, as in Weber’s test, will be localized in the affected ear 
if there is an obstruction in the sound conduction. This test often coincides 
with that of Weber’s, but frec[uently, however, gives no result, 

3. Rinne’s Test (Combined Testing of Air and Bone 
Conduction). — If one holds a vibrating tuning-fork against the 
mastoid process or other portion of the skull until the tone is 
no longer heard, and then brings its prongs near the auditory 
orifice, the tone will again be perceived if the hearing is normal. 
The normal ear, therefore, hears the tone of the fork longer 
through the air than through the cranial bones. This is called 
the positive Einne test (positive Einne). 

In a physiological paper* which appeared in 1855, Einne 
claimed that this test was one of general diagnostic value. He 
stated that in those disturbances of hearing in which the tone of 
the tuning-fork is perceived stronger and longer through the 
cranial bones than when held in front of the ear, a disturbance 
in the sound-conducting apparatus exists. This is called the 
negative Einne test (negative Einne). Where, on the other hand, 
the tone of the tuning-fork is perceived longer before the ear than 
through the cranial bones (positive Einne), we may conclude, 
according to Einne, that the sound-perceiving apparatus is 
diseased. Lucae deserves the credit of having introduced into 
practice this test, which remained unnoticed until that time. Its 
important diagnostic significance has been demonstrated by the 
fost-mortem conditions found by Politzer, Bezold, and others. f 

Although the diagnostic value of this test is limited, yet it 
must be admitted that in a series of cases it gives very valuable 
data, as often, when other objective symptoms are lacking, a 
differential diagnosis between a middle-ear affection and an 
auditory nerve disease can be established by the Einne test. 
This test must always, however, be considered in conjunction 
with the rest of the examination — that is, the amount of deaf- 
ness for speech, the Weber and Schwabach tests, and the per- 
ception for high and low tones. 

* Prager Vierteljalirschrift, vol. i., 1855, p. 72. 

t Brunner, Z. f. 0., vol. xiii., p. '263; Bezold, ErUdmngsversuch. z. Ver- 
halten d. Luftund Knockenleitung beim RinnEsehen Versuch, Munchen, 1885; 
Roosa, Archives of Otology, 1884; Emmerson, Z. f. 0., vol. xiii., p. 53; 
ocliwabaeh, Z. f. 0., vol. xiv., p. 64; Politzer, Bericht d. Vers, siiddeutscher 
imd Schweitzer piirndrzte, Miinchen, 1885; Eitelberg, Z.f. 0., vol. xvi.; Bobrer. 
Der Rhine’ sehen Versuch und sein Verhalten zur H or weite tind zur Perception 
holier Tone, Zurich, 1855 (an exhaustive, praiseworthy paper on the subiect). 



158 


nrSEASES OF THE EAR 


The general results of this tost may bo summed up as follows: 

1. Einno’s test is a more important diagnostic aid in those 
cases of obstruction in the sound-conducting apparatus, combined 
with marked deafness, in which the diagnosis cannot be made 
by other objective symptoms.* This tost is negative in the 
majority of these cases, provided that no severe complication of 
the auditory nerve is present. 

2. When the Einne is negative, we may conclude with more 
certainty that there is an obstruction in the sound-conducting 
apparatus, the greater the difference of time is between the cessa- 
tion of perception for tone of the tuning-fork before the ear, and 
the cessation of porcojDtion at the mastoid process. The diagnosis 
is supported by the failure to perceive low^ tones, and by the rela- 
tively better perception for the high ones, and furthermore by a 
lengthened perception through the cranial bones (Schwabach).t 
In unilateral deafness, a negative Einne alloAvs us to conclude 
with all the more certainty that an obstruction in the sound- 
conducting apparatus is present, if, at the same time, Weber’s 
test is lateralizcd towmrds the diseased side. 

3. In middle-oar affections, in -which there is a slight or moderate 
amount of deafness, Einno’s test is only of slight diagnostic 
value, as it is positive in the majority of these cases in spite of a 
lengthened bone conduction. This is very often the case in 
purulent middle-ear affections with perforation of the membrana 
tympani. Briilil found that in using low tuning-forks Einne’s 
test can be negative even when there is a slight degree of deafness, 

4. In unilateral middle-oar affections with a great amount of 
deafness, the diagnostic value of Weber’s test is superior to that 
of the Einne test. 

5. In old individuals, in whom the duration of perception 

through the cranial bones is, as a rule, shortened (Liebermann), 
Einne’s test often gives an indefinite result. . . 

6. The result of Einne’s test often remains indecisive in those 
cases of chronic middle-ear disease -u'hich are complicated with 
an advanced affection of the auditory nerve. 

7. When in severe deafness the Einne test is positive, we may 
then assume that the auditory nerve is diseased only if, at the 
same time, the general results of examination, the cause, course 
and symptoms point to such a condition. The diagnosis js sup- 
ported by the simultaneous marked decrease of perception for 
the high tones, with a relatively good perception for the low 
ones, and by a shortened perception through the cranial 

• In exceptional cases, the Einne test can be positive with middle- 


* According to Lucae, Rinne’s test can be used as a means of diagnosis on y 
when the hearing distance for whispering has decreased to one, metre. 

t In chronic middle- ear affections with secondary involvement of tue 
labyrinth Rinne’s test can be positive owing to a shortened perception throug 
the cranial bones. 
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ear affections accompanied by a high degree of deafness, and 
negative with severe forms of labyrinthine affections. This, 
however, does not depreciate its value in the least if used in 
combination with the other methods of testing. 

The c* or tuning-fork is suited for Rinne’s test, yet one can also use 
the c- and, according to Bezold, the a^. High tuning-forks interfere with the 
examination, as the air conduction cannot be eliminated. Testing with low 
tuning-forks is to be avoided, as the concussion to the cranial bones may be 
mistaken for a tone perception. 

The test is performed in two ways: (1) A vibrating tuning-fork is held at 
the ear until the patient says that he no longer perceives its tone; the handle 
is then immediately placed against the mastoid process, and the patient 
is instructed to state the moment when the tone ceases to be heard. The 
difference of time between the cessation of perception at the ear and the 
cessation of perception at the mastoid process must be measured in seconds, 
and noted. Such a mode of procedure is generally observed with an obstruc- 
tion in the sound-conducting apparatus. (2) A vibrating tuning-fork is first 
placed against the mastoid process, and as soon as it fails to be heard is held 
at the ear, and the difference in time between the cessation of perception noted 
as above. This is the method of testing for positive Rinne. The perception 
of after-tones and the transmission of the tones of the tuning-fork to the 
opposite ear interfere with Rinne’s test. The latter may generally be avoided 
by holding the handle of the tuning-fork parallel instead of at right angles to 
the mastoid process. 

4. Geliy’s Test (Pressions centripetes). — If the air is con- 
densed in the normal ear by means of Siegle’s speculum, or with an 
air-bag provided with an olive tip, the tone of a vibrating tuning- 
fork placed on the vertex will be perceived greatly diminished. 
This decrease is due to an increased labyrinthine pressure, inas- 
much as the membrana tympani, chain of ossicles, and plate of 
the stapes are pressed inwards. There is no question that the 
increased tension of the sound-conducting apparatus produces a 
weakening in the sound perception. If, in a given case, there is a 
hindrance to the sound conduction — for example, an ankylosis 
of the stapes — the tone of the tuning-fork, according to Gelle, 
will remain unchanged during the test. On the other hand, if the 
labyrinth is affected and the stapes movable, the tone of the 
tuning-fork will be diminished with every condensation of air 
just as in the normal state. In addition to this, in labyrinthine 
affections a more or less pronounced dizziness is often produced 
by the increased pressure during the application of this method, 

. The cessation of the vibration of the tuning-fork and the 
unreliable statements of the patient are the disturbing elements 
in Gelle’s test. 

Gelle’s test is of value only in the severer grades of deafness ; 
it is only in such eases that a positive result is obtained, and 
even in these it is not constant. On the other hand, it is of little 
value in deafness of a slight degree, since in mild forms of middle- 
ear disease the tone of the tuning-fork is also diminished through 

* VTI. Cong. Inter. d’Otolog., Bordeaux, 1904. 
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conclonsaLion of tho air in ilio oxfcorual meatus, just as in laby- 
rinthine affections. Gello’s test often agrees Avith the results 
obtained by tho Einno test (according to Eohrer, in seven-tenths 
of the cases). Tho former method may therefore be dispensed 
\yith in those cases in which a positive cjiagnosis can be estab- 
lished by means of Einno’s test alone, or when it is combined 
with other methods. However, it must be mentioned that in 
certain cases of severe deafness in which the other tuning-fork 
tests give no deffnito result, Gelle’s test occasionally establishes 
the diagnosis (Bloch, Briihl). The author would also like to 
lay special stress, in addition to tho above-mentioned diagnostic 
signs, upon tho dizziness which ensues even after a slight pres- 
sure, as it is through this dizziness that the diagnosis of a 
labyrinthine affection is sustained. Dizziness and a diminution 
in perception for tho tone of the tuning-fork in this test may 
also bo absent in labyrinthine affections. 

A method proposed by Bing to cstabbsU a differential diagnosis between 
middle-ear and lab^Tinthino affections consists in liolding a vibrating tuning- 
fork against tho mastoid process until the tone ceases to bo heard, where- 
upon it will again become audible if the meatus is closed with the &ger. 
According to Bing, one may conclude that there is an obstruction in the 
sound-conducting apparatus if tho tone of tho tuning-fork is not heard again 
after closure of tho meatus; if, however, it is again perceived, a labyrinthine 
affection may bo inferred. A definite rcsidt is obtained by this method only 
in cases of severe deafness duo to an obstruction in tho sound-conducting 
apparatus. It is generally umreliable in slight forms of middle-ear affections, 
and in diseases of the labyrinth. 

Several years ago Dr. Bing also proposed a diagnostic aid for the examina- 
tion of deaf people, ■which he designated tho ‘ entotic ’ use of the hearing- 
trumpet. In carrying out this method, wo speak into a hearing-trumpet, the 
smaller end of Avliich is inserted into tlio larger, free extremity of a catheter 
which has been introduced into tho Eustachian tube. In this way the waves 
of sound pass directly into the ca\Tim tympani, where they reach the foot- 
plate of tho stapes and tho fenestra rotunda, and are thus communicated to 
tho fluid of tho labyrinth and auditory nerve. Where speech is not under- 
stood tlu’ough a hearing-trumpet introduced into the external meatus, tat is 
distinctly audible by the cntotic method, wo may conclude, accordhig to Bmg. 
that there is a hindrance to tho conduction of sound at the malleus or incus, 
and that tho foot-plate of the stapes is freely movable. 

C. To Establish Unilateral Deafness. 

Apart from its importance in army recruiting stations and in 
forensic practice, it is of special value for the diagnosis of laby- 
rinthine suppurations. _ , 

For reasons already given, neither Weber’s, Einne s, nor 
Schwabach’s test alone can be used to establish the presence 
of unilateral deafness. Only the combined results of all these 
tests taken in conjunction with the test for speech allow us to 
arrive at a positive conclusion. To establish deafness for speech, 
the author uses a hearing- tube 2 m. (6 feet) long; this allows the 
speaker to stand at a sufficient distance so as to prevent the other 
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(normal) ear, which is carefully and tightly closed, from under- 
standing the words spoken into the tube. During this test, one 
must avoid speaking too loud, inasmuch as the transmission of 
loud sounds through the bones at the base of the skull to the 
normal ear cannot be completely overcome. It must be men- 
tioned that in some cases speech is not understood at all or only 
as an incomprehensible murmur, while the perception of a 
number of tuning-fork tones is still preserved. 

It may be said with certainty that there is complete unilateral 
deafness when, with existing deafness for speech, Weber is 
lateralized towards the normal ear, a loud- ticking watch placed on 
the temple is not heard, and the time of perception for the tone 
of a c^ tuning-fork through the cranial bones is shortened 
(Schwabach). The results of Einne’s test in such cases need 
not be considered. 

In order to simplify the tests for unilateral deafness. Wanner* 
recommends — according to his experiences at Bezold’s clinic — 
the use of the a^ tuning-fork, which has no clamps and which 
can be heard for 90 seconds. If this tuning-fork is not heard 
through the air when the normal ear is held tightly closed, it 
may be concluded that the examined ear is totally deaf. 

D. Testing for Simulated Hardness of Hearing and 

Deafness. 

To ascertain whether a case is one of simulated disturbance 
of hearing is of importance in medico-legal practice, and also 
to army surgeons, who are entrusted with the examination of 
individuals for military duty. 

The method of testing for simulation must always be preceded 
by an examination of the membrana tympani and Eustachian 
tube. If striking changes are found, which allow us to con- 
clude that an affection of the middle ear is present, our chief 
object in such cases should be to ascertain the degree of deafness. 

Conditions are rendered more difficult in cases in which 
objective signs of a middle-ear disease are absent, as we are then 
compelled to accept the fact that we are dealing either with 
a circumscribed affection of the labyrinthine windows or with a 
diseased condition of the auditory nerve, the diagnosis of which 
is often very difficult. 

For the discovery of a simulated disturbance of hearing when 
the middle ear presents nothing abnormal, a number of methods 
of examination have been proposed which will be briefly de- 
scribed. 

It must, however, be remarked in advance that, although the 
premisses are very ingenious upon which these methods are based, 
still only a few of them prove absolutely certain in practice, 

* Verhandl. d. DeufscJi. otol. Gesellsch., Wien, 1908. 
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especially if one has to deal witli a cunningly-devised plan of 
deception, as is so frequently the case. 

The procedure to bo adopted varies aecording to wbether a unilateral or 
bilateral hardness of hearing or deafness is simulated. In cases in which 
deafness of one ear is said to exist, it is first neeessary to ascertain whether 
this organ is totally deaf, or whether Jiearing power is still present to a 
certain degree. The examination must always be undertaken with the eyes 
of the individual bandaged (whereby he becomes perplexed), and with the 
ear not to be examined closed; the hearing distance of the ear which is said 
to be affected must then bo measured with the acoumeter or with a loud- 
ticking instrument (as a metronome). These tests must be repeated several 
times, in order to verify the results obtained. If it is found on repeated 
measurement that the hearing distance differs only a little, simulation may 
bo exeludcd, ns a normal hearing organ is not eapablo of judging the distance 
of a source of sound from tlio ear withi/i certain limits. Great differences in 
distance, which are observed at a single sitting, would therefore arouse the 
suspicion of innlingeruig. This method, wlrich Brigade-Surgeon Dr. Chimani 
has used for a number of years at the author’s suggestion, is preferable to 
a similar examination with speech on account of the constancy of the source 
of sound; still, the latter must always bo included in performing the test. 
Great unportance must bo attached to repeated tests on different days, and 
to the short duration of such tests, the results of which must be accurately 
noted each time. 

.‘./Erhard’s test [Deulsch. milUur-urzll. Zeitschr,, 1872) is based upon the 
fact that a normal-hearing car, even if closed very tightly, is still able to 
perceive a loud-tickmg watch at a distance of 2-3 m. 

The individual simulating an aural affection is placed in the mid^e of 
a large room, the ear -which is said to bo deaf is held closed, and the ticldng 
watch is brought within G-8 feet of the normal ear, whereupon the patient 
is ordered to count the beats. The normal car is then held tightly closed, 
and the supposed diseased car is examined. If the beat of the watch is not 
perceived, according to the statement of the patient, at a distance 1-1 m-—- 
this being the distance at w'hich the tone must also be heard in the closed 
normal ear — simulation may justly bo suspected. According to Tschudi, we 
may also test with loud speech instead of the watch in this e.xperiment. 

Chimani ( fFtener ined. IF., 18G9, No. 33) and Moos suggested the following 
method in testing for a unilateral feigned hardness of hearing: A vibratmg 
tuning-fork of large size (c^) is alternately held at an equal distance from 
each ear, whereby it becomes self-evident that the tone is heard better 
in the ear which is said to be sound. The vibratmg fork is then placed on 
the median luie of the vertex or against the incisor teeth, and the patient is 
then asked in which ear the tone is better perceived. 

The individual with a true aural affection (some condition obstru^mg 
the sound-conducting apparatus) will, according to Chimani, declare without 
hesitation that he hears the tone of the fork solely or much louder in the 
diseased ear, whde the person simulating generally hesitates for a moment, 
as he really cannot distinguish any difference of perception in the one or the 
other ear, and thinks that he is ansivering correctly by saying that he hears 
the tone only in the normal ear, and not at all in the diseased one. If the 
external meatus of the normal ear is then closed by inserting the finger, and 
the vibrating-fork is again placed on the vertex, the individual who is really 
deaf will say that he now hears the tone better in the closed normal ear, or 
he may no longer be able to distinguish on which side he .reaUy perceives it 
better. The maluigerer will state immediately upon closure of the norma 
ear that he does not hear anything any longer, or only faintly in the diseased 
ear which has been left open. _ • • n 

The method proposed by Lucae (A. /. 0., vol.^xlvii.) for determmmg 
unilateral simulated deafness consists in screiy’-^ " ■ andle of a smau 
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A tuning-fork provided with weights to the single brancli of a short metal 
T-shaped tube; a rubber tube 3 cm. long is attached to one of the short 
branches of this tube, and is intended for the ear wliich is to be examined. 
Another rubber tube 56 cm. long is connected with the other short branch 
of the tube, and is introduced into the normal ear. When the deafness is 
unilateral the tone of the vibrating fork is heard stronger in the normal ear, 
and upon z’emoving the tube from this ear this increased perception naturally 
disappears. A contrary statement by the patient arouses the suspicion of 
deception. The value of tliis method can be determined only by its practical 
application. 

Stenger’s test is based on the observation first made by the author, that 
the perception of a tone in one ear can preponderate and completely mask 
the perception of the tone in the other ear {vide p. 155). Stenger uses two 
c^ tuning-forks, the tones of which are exactly alike, and notes the distance 
(with the eyes of the patient closed) at which the one is heard by the normal- 
hearing ear. The second tuning-fork is now brought nearer to the supposed 
deaf ear than on the normal side. In a case of true unilateral deafness, the 
hearing distance for the tuning-fork on the normal side remains unchanged. 
If, however, there is unilateral simulated deafness, the normal ear perceives 
the tone only when the tuning-fork is brought nearer the ear than the fork 
on the apparent deaf side. 

Tschudi* proposed another test, which is carried out as follows: Pour 
aural specula of uniform size and form are covered with a small piece of tubing, 
in order that they may be more securely introduced into the external meatus, 
and two of them are half filled with wax. The person to be examined is then 
placed facing a wall with his eyes bandaged, and the two specula without the 
wax are introduced into his ears, whereupon the hearing distance is ascertained 
from behind irrespective of the power of hearing of each ear separately. 
The persoh is then requested to repeat during this examination, as well as in 
those which are to follow, every word which he hears. The hearing distance 
thus found serves mainly as a guide for subsequent examinations, which are 
undertaken with the closed specula, and then with the open and closed ones, 
changing them from one ear to the other. This procedure makes it impossible 
for the person examined to distinguish with which ear ho hears — that is to 
say, to tell whether the good ear is excluded or not, as he always has specula 
in both meatuses, which give him the sensation of occlusion, and also render 
it more difficult for him to tell from which direction speech comes to him from 
behind. It is scarcely necessary to say that absolute quiet must be main- 
tained in the neighbourhood of the patient, and that both specula must 
always be simultaneously removed and introduced, so that the individual 
examined obtains no outside clue to guide liim. It is thus soon possible to 
ascertain the hearing distance of the ear which is said to be severely affected 
or entirely deaf by the fact that, with closure of the normal one, answers are 
made to speech coming from the other side of the median line, the power of 
perception of which had been lost when both ears were occluded. The 
possibility of judging the direction of sound by autophony produced in the 
occluded ear by repeating the words spoken by the examiner can be excluded, 
according to the later oral statements of Tschudi, by compelling the person 
examined, who is placed under the observation of an assistant, to wite the 
words heard by him instead of uttering them. 

The detection of deception is more difficult in cases in which the individuals 
feign bilateral total deafness.f As physical tests of hearing are of no value 
in these cases, various other devices have been resorted to in order to discover 
malingering. In the author’s opinion, the most reliable test appears to be in 
waking the patient from his sleep by a moderately loud call. As, however, 
motor reflexes may also be elicited in total deafness by the concussion of loud 


* Vide supra. No. 13, 1891. 

f G. Ostino, Cougresso otolog. Italian., Rome, 1899. 
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sounds, caro must bo taken not to approach tho person too near, nor to call 
him too loudly. In some cases, as Burckhardt-Mcrian reports, the expression 
of the malingerer’s faeo when olTensivo remarks aro made behind his back by 
n thh’d_ person leads to tho detection of tho impostme. Tho trick of telling 
tho individual, after tho examination, that ho is unfit for duty, and may there- 
fore depart, is rather old, and therefore hardly cflectual. In the gi-eat 
majoi'ity of cases this, as well us a great number of other methods, does not 
secure the desired result, as one very often meets with slncwd imposters, who, 
with great obstinacy, carry out their plan of deception, which has been 
cunningly devised. 

Experience and the practised e^'e of the examiner, which have 
been acquired from man}’’ years’ training, must not be under- 
valued as a means of enabling one to sot together a chain of proofs 
from circumstances which seem of little importance, and which 
finally make it possible to discover the deception. The striking 
contradictions wdiich aro made by a number of malingerers 
at repeated examinations, the fantastic statements as to the cause 
and course of the affection, are often sufficient to arouse suspicion. 
It not infrequently happens that the suspicion of simulation or 
exaggeration is already suggested by the altered, anxious, or rest- 
less behaviour of the patient, as persons who are really hard of 
hearing or deaf allow themselves to bo examined with indifference 
(Tschndi). Brigade-Surgeon Chimani attached great importance 
to the general appearance of the individual, to his mental develop- 
ment, temperament, and tho peculiarities of his facial expression 
and speech, which, if taken in connection with the results of the 
hearing tests, lead, in the majority of cases, to the detection of 
the deception. 

Testing the Function of the Vestibular Apparatus. 

When testing the function of the vestibular apparatus, we 
must direct our attention (1) to disturbances in equilibrium, 
(2) to the phenomenon known as nystagmus. 

1. Disturbances of^Equilibrium. 

In testing the vestibular apparatus for disturbances in equilibrium, we 
must take into consideration that these disturbances, originating in the ves- 
tibular portion of the labyrinth, are divided into two forms — namely, a statao 
and a dynamic. The static muscular sense depends mainly on the condition 
of the utricle and saccule, while the dynamic muscular sense is chieflj'^ dependent 
on the state of the semicircular canals. _ 

In order to test the patient for static disturbances of equilibrium he is made 
to perform various exercises in that he is asked to stand on both legs with feet 
together, having his eyes open and closed (Romberg symptom), to stand on 
the toes with feet together, then on one foot, etc. In addition-to these tests 
von Stein devised an apparatus known as the goniometer, which is provided 
Avith a board upon ivhich the individual stands or lies, and arranged in such a 
maimer that it can be raised or lowered. A sextant device, marked off m 
degrees, allows one to read at a glance the amount of elevation. --- . 

Although the goniometer devised by von Stein is of practical value, it is 
rather cumbersome, so that it is no longer universally em’^'"' ■ our 
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sounds, care must be taken not to approach the person too near, nor to call 
him too loudly. In some cases, as Burckhardt-Merian reports, the expression 
of the malingerer’s face when offensive remarks are made behind his back by 
a third person leads to the detection of the imposture. The trick of telling 
the individual, after the examination, that he is unfit for duty, and may there- 
fore depart, is rather old, and therefore har^y effectual. In the great 
majority of cases this, as well as a great number of other methods, does not 
secure the desired result, as one very often meets with shrewd imposters, who, 
with great obstinacy, carry out their plan of deception, which has been 
cunningly devised. 

Experience and the practised eye of the examiner, which have 
been acquired from many years’ training, must not be under- 
valued as a means of enabling one to set together a chain of proofs 
from circumstances which seem of little importance, and which 
finally make it possible to discover the deception. The striking 
contradictions which are made by a number of malingerers 
at repeated examinations, the fantastic statements as to the cause 
and course of the affection, are often sufficient to arouse suspicion. 
It not infrequently happens that the suspicion of simulation or 
exaggeration is already suggested bj^ the altered, anxious, or rest- 
less behaviour of the patient, as persons who are really hard of 
hearing or deaf allow themselves to be examined with indifference 
(Tschudi). Brigade-Surgeon Chimani attached great importance 
to the general appearance of the individual, to his mental develop- 
ment, temperament, and the peculiarities of his facial expression 
and speech, which, if taken in comiection with the results of the 
hearing tests, lead, in the majority of cases, to the detection of 
the deception. 

Testing the Function of the Vestibular Apparatus. 

When testing the function of the vestibular apparatus, we 
must direct our attention (1) to disturbances in equilibrium, 
(2) to the phenomenon known as nystagmus. 

1. Disturbances of ^Equilibrium. 

In testing the vestibnlar apparatus for disturbances in equilibrium, we 
must take into consideration that these disturbances, originating in the ves- 
tibular portion of the labyrinth, are divided into two forms — ^namely, a static 
and a dynamic. The static muscular sense depends mainly on the condition 
of the utricle and saccule, while the dynamic muscular sense is chiefly dependent 
on the state of the semicircular canals. 

In order to test the patient for static disturbances of equilibrium he is made 
to perform various exercises in that he is asked to stand on both legs with feet 
together, having his eyes open and closed (Romberg symptom), to stand on 
the toes with feet together, then on one foot, etc, Bi addition to these tests 
von Stein devised an apparatus known as the goniometer, which is provided 
with a board upon which the individual stands or lies, and arranged in such a 
maimer that it can be raised or lowered. A sextant device, marked off in 
degrees, allows one to read at a glance the amount of elevation. - - 

Although the goniometer devised by von Stein is of practical value, it is 
rather cumbersome, so that it is no longer universally employed. In our 
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routine examination wo coniine ourselves to the tests given hero, and find that 
they suffice in apprising us of any disturbance in equilibrium wliich may bo 
regarded of otitic origin. 

To test the dynamic disturbances of equilibrium we make the patient 
(1) walk fonvards with rigid legs; (2) jump on two feet close together; 
(3) rotate with the feet together; (4) rotate on" one foot. These tests arc 
carried out with the eyes closed. 

2. Nystagmus. 

As we have seen in a lorevious chapter, the function of the 
vestibular apparatus is to inform us of the motions of the head, 
and consequently of the body in space — that is, in apprising us 
of the relative position of our body to the line of gravity, and 
thus allowing us to sustain our equilibrium. Any pathological 
changes taking place in the vestibular portion of the labyrinth 
become evident as disturbances in equilibrium, which are often 
associated with other xAienomena, such as nausea, vomiting, 
and nystagmus. In testing for any disturbance in equilibrium, 
we must remember that the co-ordinated movements of the body 
are governed by the semicircular canals, so that any pathological 
changes taking place in these canals become evident as a dis- 
organized co-ordination of our muscular sense — ’that is, we are no 
longer able to appreciate a proper orientation of our body in space. 
We will not dwell here upon the anatomy and physiology of the 
internal ear, as these have been fully detailed in previous chapters 
(pp. 64, 86). Our main interests centre themselves, however, in 
the various phenomena encountered in the normal and pathologic- 
'ally diseased labyrinthine portion of the aural mechanism. It 
is chiefly through the investigations and writings of different 
authors, beginning far back with Flourens, who noticed striking 
motor disturbances after section and destruction of the semi- 
circular canals, in addition to others such as Purkinje, Hbgyes,* 
Ewald,t and in recent years particularly Barany,^ that our 
interests have been awakened to the important role played by 
the internal ear, and especially by the three semicircular canals. 
These authors have shown conclusively that pathological 
changes taking place there are associated with disturbances of 
equilibrium, with or without nausea and vomiting, and reflex 
oscillatory movements of the eyes which we designate nystagmus. 
It is this latter phenomenon of vestibular irritation which has 
during the last decade aroused special interest, and has proved 

* Hogj’^es, Neucre TJntersucliungs-Metlioden zum Studium der Fnnetion dcs 
Nerv. vestibularis. Orvosi Hetrlap, 1902. 

t Ewald, J. B., Pliysiologische Untersclnmgen iiber das Endergan. dcs Nerv. 
octav. Wiesbaden, 1892. 

f Baraiw, Robert, Ueher den vom Vestibularapparat des Ohres ansgdosten 
Nystagmus, etc. (Ilonatscli. fur Olirenheilk, vol. xl., 1906). Ueber den vom 
Olirc auslosbaren Nystag. {Zeit. f. Olircnli., vol. li.). Bcitragcziir Lehrevon dcr 
FunHioii der Bogengange (Zeit. f. Sinnesphys., vol. xli., 1906). Physiologic 
und Pathologic des Bogengangs-Apparates bcim Menschen. Deuticke, 1907. 
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of vast importance in aiding us to determine the state of the 
inner ear and its relation to intracranial conditions. That 
reflex phenomena such as vertigo, nausea, and vomiting are 
produced when irrigating the ears has been a recognized fact since 
many years. It was as far back as 1808 that Schmedekam was 
the first to call attention to these reflex iDhenomena, so that, 
since that time, the subject has been more closely analyzed and 
brought to a clearer understanding by the investigations of such 
men as Hitzig, Breuer,* Ewald, Baginsky, and many others,, and 
in particular in recent years by the thorough studies of Barany. 
By nystagmus we understand a reflex stimulation of the ocular 
muscles which is apparent as vibratory movements of one or ' 
both eyes, and which may be of an oscillating or of a rhythmical 
character. Nystagmus may furthermore be regarded as an 
oscillating movement of the eyes dependent on the disturbance 
of a central co-ordinating apparatus, and representing an effort 
on the part of such an apparatus to restore the function of 
equilibrium as it relates to the ocular muscles. The former — ^that 
is, the oscillating form — is generally observed with ocular defects 
originating in the eyes themselves, while the latter, which interests 
us here mainly, has its origin in the vestibular portion of the 
labyrinth. 

Vestibular nystagmus is observed in two distinct forms. In 
the one, the motions of the eyes are of a pure undulating character 
— that is, with each excursion of the eye the movement takes place 
from side to side or laterally with an equal amount of excursion 
and with the same rapidity. In other words, both movements 
of the nystagmus are of equal rapidity and of equal length. In the 
other, the motions of the eyes are not oscillatory, but take place 
jerkingly in rhythmical succession with a fixed rest' period 
between. In other words, the nystagmus consists of a slow and 
rapid movement or component, both being of equal length. 
In defining nystagmus we recognize a vertical, horizontal, 
diagonal, and a rotatory, based on the direction of the rapid 
component, as, for example, a horizontal nystagmus with rapid 
component to the left, etc. Nystagmus may be due to, various 
causes, and is observed in different forms. We find accordingly a 
voluntary nystagmus, a physiological rhythmical nystagmus, 
miner’s nystagmus, a congenital nystagmus (optic), as is seen in 
albinos, a nystagmus due to diseases of the central nervous system, 
etc., but in this chapter we are mainly concerned with nystagmus 
of vestibular origin. 

In order to elicit nystagmus we resort to various means. 
(1) Thermic agencies, in that we stimulate the labyrinth by 

* Breuer, J., Ueherdie Bogengange des Labyrinths [Allcgemeine Weiner med. 
Zeitting, 1873). Ueher die Ftinktion der Bogengange des Ohrlabyrinth {Weiner 
med. Jahrhuclier, 1874). Never Versvche an den Olirbogengdngen {Pfliigcr’s 
Arch., No. 44). 
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irrigating the ears with cold and hot water ranging from 60° to 
68° F. helow body temperature to 100° to 1 10° P. (2) Kotation of 
the entire body, in that the patient is placed in a revolving chair, 
either in an upright or reclining position, and rotated ten or twelve 
times either to the right or left. (3) Galvanic current, by placing 
an electrode over each mastoid or tragus region, and allowing the 
current to pass directly through the head by way of the petrous 
portion of the temporal bones; or by placing the one pole 
(either anode or cathode) against the ear, while the other pole is 
placed against some other part of the body. This is particularly 
advantageous when testing each labyrinth separately. (4) Con- 
densation and rarefaction of air in the external canal, causing a 
change of pressure in the labyrinth. 

It is now definitely understood that we recognize three forms 
of nystagmus — namely, a rotatonj nystagmus, a caloric nystagmus, 
and a galvanic nystagmus. When we observe a nystagmus of 
otitic origin we find that it is always rhythmical, and composed of 
a slow and rapid component, the difference between the two being 
usually very pronounced. One does see in rare cases, however, 
that the difference is very slight, and that the two components 
are very rapid and limited in excursion. We designate the 
nystagmus according to the direction of its rapid component. 

(a) Boiaiory Nystagmus . — As a general rule, nystagmus appears 
at the tenth revolution while turning for a period of three to four 
minutes around an axis of 360°. To test the right labyrinth, 
the patient is rotated to the left; to test the left labyrinth, he is 
rotated to the right. The direction and form of the nystagmus is 
entirely dependent upon that particular semicircular canal which 
is stimulated, and the direction in ,which the endolymph moves. 
That this is so has been fullj'- demonstrated by the experiments 
and investigations of Ewald, Hdgyes, and others, who have also 
proved that the motion of the fluid can cause movements of the 
eyes when it flows, either from the smooth end of the ampulla, 
or from the utricle through the ampulla towards the smooth end. 
Accordingly, we find that the movements in each eye during 
rotation takes place through a plane passing through the bulbus 
oculi, and at right angles to the turning axis of the head, and, 
furthermore, one notices that the slow component of the nystagmus 
is in an opposite direction to the rotation. That a nyslagmus 
can be produced in any direction by changing the position of 
the head during rotation has been clearly demonstrated by the 
investigations of Breuer and others. It has been found that if one 
Avishes to elicit a vertical nystagmus, one must incline the head 
of the patient 90° towards the shoulder and rotate the body in a 
A’ertical axis. To induce a rotatory nj'stagmus, the head must be 
bent 90° forward during rotation in the same axis. If the head is 
inclined slightlj’' forward Ave obseiwe a combination, horizontal 
and rotatory nystagmus, both being in the same direction. By 
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bending the head backwards 90°, so that the occiput touches the 
back of the neck and the body is rotated to the right, there is 
produced a nystagmus to the left; but when rotation ceases, a 
rotatory nystagmus to the right is observed. When the head is 
only slightly inclined backwards, we find that rotation to the right 
produces a combination of a horizontal nystagmus to the right, 
with a rotatory nystagmus to the left, and on cessation of rotation 
the reverse takes place. 

It must be borne in mind that the direction in which the patient 
looks is important in determining the nystagmus. If, therefore, 
the patient is told to look to the left, one will notice a horizontal 
nystagmus, while, on the other hand a rotatory nystagmus Avill 
appear if he looks to the right. We furthermore observe that a 
horizontal nystagmus to the right is most pronounced AAdien the 
patient looks to the right — that is, when looldng in the direction 
of its rapid component; it is less marked Avhen looking straight 
ahead, and greatly diminished or entirely absent when looking 
to the left. 

‘ In a like manner a rotatory nystagmus is increased when 
looking towards the fast component, and reversely decreased 
when looking in the opposite direction. From the foregoing it is 
therefore evident that a change in position of the head during 
rotation of the entire body causes a change in the floAV of the 
endolymph, which becomes manifest in the various forms of 
nystagmus. 

(&) Calorie Nystagmus .' — This form of nystagmus is produced by 
allowing a thermic irritation, such as cold or hot Avater, to play 
upon the labyrinthine AA^all, thereby causing a direct action on the 
labyrinthine fluid. It aauII, therefore be noticed that the reaction 
comes on more rapidly in those cases in AAdiich the drum is partially 
or wholly destroyed. 

The A^arious forms of nystagmus observed during irrigation with 
hot or cold Avater may be attributed to a partial cooling or heating 
of the labyrinthine contents, causing a change in the movements 
of the endolymph. These changes are based on the physiological 
principle that the specific gravity of the endolymph is raised or 
lowered according to the temperature of the injected water, and 
that the labyrinth is a closed vessel filled AAuth a fluid at body 
temperature. When irrigating the ear AAuth cold Avater (60 to 
68° F.), the promontory wall is cooled off, causing the fluid Avithin 
to become likewise cooled, so that its specific gravity is increased, 
causing it to fall to the floor of the vessel. If, on the contrary, 
hot Avater is used, the opposite effect is produced on the laby- 
rinthine contents, so that the specific gravity is decreased and the 
fluid has a tendency to rise. This difference in temperature 
causes a change in the circulation of the endolymph, Avhich lasts 
until the temperature of the endolymph equalizes that of the 
injected Avater. If the head is placed in different positions, or 
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rather at various angles during irrigation, the circulation of the 
endolymph is thereby affected, as another part of the labyrinthine 
structure assumes its lowest part toward which the endolymph 
gravitates. Certain motions of the endolymph give rise to 
corresponding forms of nystagmus, so that we may assume with 
a degree of certainty that a fixed movement of the endolymph in 
a certain direction will invariably produce a nystagmus in a 
correspondingly fixed direction. If, for instance, we irrigate the 
right ear with cold water (G0° to 68° P.) with the head in an erect 
position, we produce a rotatory nystagmus to the left. If the 
head is inclined far back (say 180°,) the nystagmus changes to a 
rotatory nystagmus to the right. On the contrary, however, if 
hot water is used with the head bent far back, the rotatory 
nystagmus to the right is changed to a rotatory nystagmus to 
the left. 

Irrigating the right ear with cold water with the head bent 
towards the left shoulder produces a horizontal nystagmus to the 
right, whereas a nystagmus to the left is produced when the head 
is inclined to the right shoulder. With hot water and the head 
bent towards the left shoulder, a horizontal nystagmus to the 
left is observed, while a horizontal nystagmus to the right arises 
when the head is inclined towards the right shoulder. Experi- 
ments have furthermore demonstrated that the position of the 
semicircular canals has an important bearing on the form of the 
nystagmus. It has been found anatomically that when the head 
is held erect the ampulla of the anterior vertical semicircular 
canal, which lies adjacent to the lateral labyrinthine wall, forms 
the highest point — that is, the centre of the canal forms the highest 
part of the entire labyrinthine structure. Accordingly, when 
the ear is irrigated with cold water, the endolymph should move 
from the smooth end towards the ampullfe in the utricle. Upon 
rotation, a rotatory nystagmus to the left is produced if the head is 
inclined towards the left shoulder. As a result of this, if we 
irrigate the right ear, a movement of the endolymph from the 
smooth end to the ampulla takes place in both vertical semi- 
circular canals, and a corresponding movement takes place in the 
anterior and posterior canals. If the head is inclined towards the 
left shoulder, the centre of the horizontal canal becomes the 
highest point, and the endolymph moves from the smooth end 
through the ampullar to the utricle. It becomes evident from 
the foregoing that a change in position of these canals in any 
direction plaj’^s an important ijart in producing the various forms 
of nystagmus owing to a change of direction in the flow of the 
labjuinthine fluid. Simultaneously with the nystagmus we 
frequently find associate symptoms such as vertigo, nausea, 
vomiting, and the sensation of moving objects. If the nystagmus 
is pronounced, there arises, especially with closed eyes, disturb- 
ances of equilibrium of a varying degree. This disturbance 
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may be very slight, or so severe that the individual is unable to 
walk properly or even to remain on his feet. Such disturbances 
in equilibrium may show fixed reactions, so that one finds that if, 
for instance, the right ear is irrigated with cold water, with head 
erect, a rotatory nystagmus to the left is observed, and the 
patient accordingly shows a tendency to fall towards the same 
side. If the head is turned 90° to the left, the individual falls 
forward; but if the head is turned 90° to the right, the patient 
falls backwards. Furthermore, if the head is inclined towards 
the left shoulder, the individual has the inclination to stand firm. 
Most of the above findings have been obtained by irrigating each 
ear separately with hot or cold water. The best and most rapid 
reactions are obtained with cold water, and in the great majority 
of cases we resort to this examination alone. It has also been 
found that when both ears are irrigated simultaneously -with 
either cold or hot water, contrary impulses are produced in that 
the injected fluid strikes both labyrinths simultaneously, thereby 
causing a counteraction, and at the same time neutralizing each 
other. In the majority of cases a nystagmus is nevertheless 
produced when looking to the right or left, which is of less 
intensity and of shorter duration. 

(c) Galvanic Nysiagmus . — In order to produce a galvanic 
nystagmus, one must allow a galvanic current to pass directly 
through the bones of the head, and especially through the 
petrous portion of the temporal bones. To accomplish this most 
readily, an anode and cathode is placed against each tragus or 
mastoid process, and the current allowed to pass through the 
cranial bones. In general, the best results are obtained with a 
weak galvanic current ranging from 2 to 6 ma. Another way 
of producing a nystagmus may be accomplished by allowing the 
patient to hold a large sponge or electrode in the hand, while the 
physician places the other electrode against the tragus or mastoid 
process of the side to be examined. If the irritability of the 
labyrinth is normal, one can, by the above method, elicit a 
nystagmus. If the anode is placed against the left ear, for 
instance, the patient must look to the right, as the anode causes a 
marked rotatory nystagmus to the right, which is intensified by 
making the patient look to the right. Looking straight ahead 
or to the left causes the nystagmus to become greatly reduced or 
arrested entirely. If the cathode is applied to the left ear, the 
patient should look to the left, as the cathode produces the direct 
opposite nystagmus to the left. If we allow a cathode closure to 
follow an anode closure in rapid succession, there will be noticed 
at the cathode closure a slow rotatory nystagmus towards the 
anode, and with the anode closure a slow rotatory nystagmus 
towards the cathode. 

In carrying out these various reactions, one usually uses a 
current ranging from 10 to 15 ma., which is, however, slightly 
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painful to the patient, but is readil}’’ borne in the majority of 
cases. Barany usually carries out these tests with the patient 
standing with closed ejms. Just as in the other tests, one finds 
that the position of the head plays an important part in altering 
the form and direction of the nystagmus and bringing about a 
change in equilibrium, as, for example, if the head of the individual 
is turned 90° to the right, and the cathode placed against the 
right ear, he will fall forward when sufficient current is adminis- 
tered, and so on. 

It is still an undecided question as to the cause of a galvanic 
nystagmus. Breuer is of the opinion that the galvanic reaction 
is due to a stimulation of the nerve-endings in the utricle and 
saccule. Others think that it is the result of an electric irrita- 
tion acting on the nerves in the amimllte, on the branches of the 
nerve as they enter the ampulla?, or on the root of the vestibular 
nerve itself. Neumann is of the opinion that it is most likely 
due to the action of the current on the nerve itself, or on the 
nerve-centre, inasmuch as a nystagmus can still be elicited in 
si?ite of the fact that the labyrinth has been destroyed. Either 
the cathode or anode can produce such a reaction. The cathode, 
applied to the ear, puts the vestibular nerve in a state of cath- 
electronus, causing an increase in its conducting power and 
producing a nystagmus towards the cathode on the same side. 
On the other hand, when the anode is applied to the ear, the nerve 
is put in a state of anelectronus, producing a nystagmus away 
from the anode towards the opposite side. 

Another phase of labyrinthine influence upon the co-ordination 
of our muscular movements is evinced by the so-called pointing 
and past-pointing tests. Flourens was the first to show that the 
semicircular canals played a most important role in governing 
the labyrinthine musculature. In order to demonstrate this 
fact, we place an individual whose labyrinths are found to ho in 
a normal state in a revolving chair in an upright position. The 
physician, who stands in front of the patient, orders him to rest 
his hands on his knees, and to raise his arms so as to touch the 
fingers of the physician’s outstretched hand. In the normal 
state this is generally an easily accomplished act. We next 
endeavour to elicit a horizontal nystagmus by rotating the 
individual or irrigating the ear with cold water as previously 
described, during which period we order the patient to raise his 
right arm and endeavour to touch the outstretched hand of the 
phj’-sician. In doing so it will invariably be found that his arm 
will slowty deviate to the left, which action is analogous to the 
slow component of the nystagmus. 

If, for instance, there is a nystagmus to the right, the patient 
fails to touch the hand of the examiner, and points bejmnd it to 
the left. 

From the fact that this past-pointing is due to a canal irrita- 
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tion and head position, it follows that if one irritation remains 
constant the other is changed, and the pointing reaction changes 
accordingly. If, therefore, a horizontal nystagmus is produced 
to the right with head erect, the pointing reaction takes place in a 
horizontal direction to the left. In a vertical nystagmus, the 
pointing reaction, with the head in an upright position, takes 
place downwards, etc.* 


The Method of Examining the Patient. 

A thorough examination of the patient is indispensable in 
establishing a correct diagnosis, in determining the prognosis, 
and for the application of proper treatment. In examining a 
patient, we take into consideration the history of the case and 
the objective symptoms. 

When taking the history of the case, we must first ascertain 
the duration of the disease, which is of importance, inasmuch as 
the shorter the duration, the more favourable, as a rule, the 
prognosis. It is possible to ascertain the duration of the affection 
only if it developed acutely with marked symptoms, or, during 
the course of an acute eruptive disease, typhoid, or as the result 
of a trauma. The majority of patients, however, are not able to 
inform us, even approximately, as to the commencement of their 
ailment. This is especially true of those unilateral, insidious 
affections which run their course without subjective symptoms, 
and which are discovered only by the accidental closure of the 
normal ear, whereupon a disturbance of hearing is noticed. The 
same also applies to those bilateral, insidious affections in which 
the disturbance of hearing becomes noticeable only when it has 
reached such a degree that it markedly interferes with daily 
intercourse; for example, in persons whose position in life or 
calling does not make a great demand on their organ of hearing, 
and who therefore hardly notice slight disturbances of hearing. 
It not infrequently happens that the origin of an impairment of 
hearing which has been unsuspected, although existent for a 
long period, becomes apparent only when subjective noises arise. 
Patients frequently present themselves who never had the least 
suspicion that there was an aural affection, and Avho state that 
their disease is only of short duration, while objective examination 
shows extensive loss of substance, calcareous deposits, and cica- 
tricial formations on the membrana tympani. Such changes 
must have existed for a long time without the patient’s knowledge. 

The etiology of the affection is just as important as the duration 

Hubby, Lester M., H Dismssion of the Modiis Oj)erandi of Galvamc 
Rystagmvs. Annals of Otology, Bliin., Sept., 1913; Laryngoscope, Feb^ 1913. 
Mackenzie, George W., Some EemarJcs on 'Nystagmus. Annals of Otology, 
June, 192L Mettler, Lee, Nystagmus. 111. Med. Jozirnal, Sept., 1912. 
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from a prognostic standpoint. The prognosis in the idiopalhic 
forms of diseases of the ear is quite different from that in affec- 
tions produced by scarlet fever, measles, syphilis, and ol-licr 
general diseases. 

Diseases of the organ of hearing are produced cither by 
deleterious influences acting directly upon the ear through 
general diseases, or through diseases of .other organs. 

Of the direct influences, we must mention traumatisms, the 
intensive action of sound upon the ear, scalds, burns, and frost- 
bite, as well as vegetable parasites (aspergillus) causing inflamma- 
tion in the external auditory canal. 

Acute and chronic naso-pharyngeal affections (hypertrophy 
of the mucous membrane, adenoids, polypi, empyema of the 
accessory sinuses, oza3na, etc.) are the main causes in producing 
a disturbance of function of a varying degree in the middle ear 
through continuity and contiguity. In these cases we are dealing 
with a bacterial infection conveyed from the naso-pharynx into 
the middle ear. 

Atmospheric influences, the effects of which manifest them- 
selves in what are commonly called ‘ colds,’ have a detrimental 
effect upon the ear. The term ‘ cold ’ is often used by the laity 
for an unknown or merely hypothetical cause of the disease. 
How much of the theory is true that the protective power of the 
animal organism — for example, the motion of the ciliated epithe- 
lium — is weakened through catching cold, and therefore facilitates 
infection, has yet to be determined. 

General diseases are other causal factors in bringing about 
affections of the ear, or the latter may develop secondarily to 
diseases of different organs. To the former class belong scarlet 
fever, rubeola, variola, diphtheria, typhoid and the exanthe- 
maticus, influenza, mumps, sjqihilis, tuberculosis, scrofula, 
rickets, Bright’s disease, diabetes, leuknemia, acute rheuma- 
tism, gout, and furthermore chlorosis, pernicious an®mia, 
scurvy, and purpura haamorrhagica; to the latter class, pneu- 
monia, puerperal infections, and a number of affections of the 
circulation which are caused by emphj’-sema, valvular lesions, 
aneurisms, struma, attacks of whooping-cough, pregnancj’, and 
disorders of menstruation. Besides these, disturbances of hearing 
of varying degree are brought about b}’' intracranial processes, 
epidemic cerebro-spiiral meningitis, acute and chronic lij’^dro- 
cephalus, apoplex 5 ’, encephalitis, sclerosis of the brain, tumours 
of the brain, and furthermore by tabes dorsalis, hysteria, chorea, 
and epilepsy. This is due partly to tire extension of the diseased 
process to the oar, and partlj’- to the involveirrent of the auditory 
nerve-root. Irr conclusion, we rairst still irrerrtion as deleterious 
hrflrrences the excessive use of tobacco and alcohol. aBo the action 
of certain drugs, such as quinine, salicylic acid, antipyrin 
antifebrin, aspirin, and others, which, when administered inter- 
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nally, give rise to a temporary or permanent disturbance of 
hearing. 

Hereditary predisposition is another very important cause in 
bringing about an aural affection. It is well known that hard- 
ness of hearing is hereditary in many families, the members of 
which are afflicted, often during the same years of life, with an 
impairment of hearing running its course with similar symptoms. 
This predisposition manifests itself either in the immediate 
descendants or, according to the author’s experience, more often 
in the second generation. We are justified in assuming heredity 
as the cause of the affection only when the disturbance of hearing 
has developed in several members of the same family with 
similar symptoms and wathout any demonstrable cause (Ham- 
merschlag). Among the hereditary causes, syphilis and tuber- 
culosis play an important role. 

Although v:e are frequently in a j^osition to trace the etiology 
of the affection to one of the above-named causes, nevertheless 
Ave must confess that the source of origin is occasionally uncertain. 
This is the case not only in regard to a number of acute inflam- 
mations of the external and middle ear accompanied by free 
exudation, but especially to those insidious middle-ear affections 
w'hich develop without striking symptoms and with a gradually 
progressive impairment of hearing. One must not be surprised 
at this if one considers that medical science is, in the great 
majority of cases, still in the dark regarding the pathogeny and 
etiology of diseases, especially chronic affections. 

The calling and occupation of the patient are other important 
factors which must be considered in the examination, since some 
occupations have a tendency to produce an affection of the ear. 
In those forms of acute and chronic middle-ear inflammations 
which are amenable to treatment, the chances of a complete 
recovery are much less in persons w^ho are obliged to expose 
themselves during the course of the disease to the harmful 
influences connected with their occupation.* 

The detrimental effect of occupation upon diseases of the ear 
is especially noticeable among certain classes — for example, m 
chauffeurs, masons, tanners, fishermen, sailors, soldiers in the 
field, etc.; in a word, in persons who are continually exposed to 
all the vicissitudes of weather, cold, and moisture. In like 
manner, some affections of the ear are made worse by the noises 
associated with certain occupations, which continually act upon 
the organ of hearing. One therefore observes in locksmiths, 
blacksmiths, boiler-makers, mechanics, iron-turners, file-makers, 
plate-makers, tinkers, engineers, stokers, as well as in persons 
working in noisy machine shops, an increasing diminution in the 
hearing power, and persistent subjective noises, which increase m 

* Ropke’s monograph is an exhaustive and instructive treatise on this 
subject: Die Berufskranklieiten des Olvres, Wiesbaden, 1902. 
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intensity through excessive irritation of the auditory nerve.* 
Anatomically these disturbances of hearing are due to structural 
changes in the labyrinth, which, however, have been demon- 
strated only in a few cases ; rarely ta a combined diseased con- 
dition of the middle ear and auditory nerve. 

We must also call attention to the disturbances of hearing 
observed in artillerymen, riflemen, train hands, and miners, 
which are caused by the sudden condensation of air in the 
external auditory canal or by intensive noises. In consequence 
of this sudden condensation, we observe ruptures of the drum- 
membrane, haemorrhages into the same and into the tympanic 
cavity, and paralysis of the peripheral endings of the auditory 
nerve {vide chapter on Injuries of the Internal Ear). 

Excessive variations in the air-pressure, which occur in caisson 
workers, divers, and aeronauts, must be classed among the influ- 
ences winch are injurious to the organ of hearing. As a result 
of excessive increase or decrease in the airTpressure, lacerations 
of the membrana tympani, as well as extravasations of blood 
into the tympanuin and labyrinth, have been known to occur. 
In such occupations as glass-blowing and the playing of brass 
instruments, disturbances of hearing have been observed, which 
could he traced to a venous stasis in the ear as a result of forced 
expiration. 

Lastly, we must call attention to the industrial poisons which 
affect the hearing through an intoxication of the entire system; 
this is especially the case in chronic poisoning due to lead, 
mercury, arsenic, phosphorus, sulphur, coal-gas products, and 
aniline chromate (Eudloff).t 

-That climate, locality, and mode of life may influence the 
course of an aural affection is beyond all doubt. 

The onset and course of the affection are also important, 
as they not infrequently enable us to come to a conclusion as to 
the nature of the disease. It is therefore necessary in every 
case to ascertain whether the disease has arisen suddenly with 
acute inflammatory phenomena, dizziness and disturbances of 
equilibrium, or whether it has developed gradually without 
marked reaction and -with a rapid diminution in the hearing. 
Furthermore, we must determine whether it has taken a slow, 
insidious course with gradually increasing deafness, and, lastly, 
whether the power of hearing has changed to any considerable 
extent or not. Stress must be laid on the last-mentioned fact, 

* Investigations which the author undertook in different tradesmen led 
him to conclude that, next to the locksmiths, boiler-makers and coopers 
were most frequently afflicted with a disturbance of hearing. In coopers, 
according to their own statements, the so-called hoUow stroke when hooping 
the casks is said to have such a deafening effect that most of them, if they 
remain at their trade, eventually become deaf. 

t Sec Hygiene of the Ear. 
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as marked variations in the hearing distance are chiefly observed 
in the exudative middle-ear catarrhs which have a favourable 
prognosis, while in otosclerosis, accompanied by progressive 
deafness, there are only slight variations in the hearing power. 

In taking the history, we must also consider the age of the 
. patient as well as the facts quoted above, as this has an important 
bearing upon the course, result, and treatment of the disease. 
In regard to infants, it is beyond doubt that inflammations are 
induced by the following causes: The changes in the middle 
ear which take place soon after birth; the rapid absorption of 
the swollen mucous membrane; the entrance of the liquor amnii 
and meconium into the tympanic cavity during parturition; 
and the action of external injurious agents upon the hyperaemic 
mucous membrane of the tympanum. The acute exanthemata 
and affections of the naso-pharynx, such as adenoids and tonsillar 
diseases which are prevalent in childhood, are very often followed 
by affections of the ear. The frequency of ear diseases decreases 
in middle age, and again presents a noticeable increase in elderly 
individuals. This is due not only to the fact that the energy of 
the auditory nerve is diminished in consequence of retrograde 
changes in the organ of hearing — progressive atrophy of the 
endings of the auditory nerve — but also to the frequent develop- 
ment of a chronic, insidious inflammation of the middle ear, 
which leads to thickening of its lining membrane, and to rigidity 
of the articulations of the ossicles. 

A number of subjective and objective symptoms accompanying 
ear affections must not be undervalued in the examination of the 
patient. 

The subjective noises which develop in the course of most ear 
affections require our special attention. They belong to the sub- 
jective symptoms of the patient, and are experienced as ringing, 
knocking, hissing, roaring, whistling, seething, etc. According 
to the author’s observations, nearly two-thirds of all aural 
patients suffer from subjective noises, and the number who seek 
medical aid for their relief is very considerable. Objective 
noises (circulatory and muscular noises, mucous rales) are also 
not infrequently heard, and are described as blowing, snapping 
and cracking. 

When subjective noises are complained of, we should ascertain 
whether they are unilateral or bilateral, whether they are per- 
ceived in the head or in the ear, whether they are endurable or 
very troublesome, whether they have a high or low character, by 
what things they are increased, and whether they are occasional 
or uninterrupted. This last fact is important, in so far as, 
according to the author’s experience, the prognosis is less 
favourable in cases in which the subjective noises are con- 
tinuous than in those in which they occur, or only occasion- 
ally. One should, furthermore, examine whether the noises - 
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in the ear are increased or decreased by obstruction of the 
circulation through compression of the carotid or vertebral 
arteries (Dundas Grant); whether their intensity is affected by 
rarefying or condensing the air in the external meatus or by 
closing the meatus with the finger; whether they are altered by 
reflex action from the cutaneous branches of the trigeminus, 
as, for example, by pressure on the mastoid process, or by 
rubbing the skin in the region of the ear; and, finally, 
whether their intensity is decreased by the tones of high or 
low tuning-forks, or whether they are increased or diminished 
in noisy places {vide chapter on Neuroses of the Acoustic 
Apparatus). 

Pain generally accompanies diseases of the ear. It is especially 
intense in furunculosis of the external meatus, in acute myringitis, 
in acute middle- ear inflammations, and in caries of the temporal 
bone. 

When the patient complains of pain, we must determine whether 
it is located in the region of the external ear or in the deeper 
parts; whether it is limited to the ear or extends towards the 
vertex, occiput, or region of the neck; whether or not it is 
increased by pressure upon the external region of the ear and 
mastoid process; whether and how often it occurs during the 
course of the disease; and whether it is irregular or occurs in 
regular paroxysms. Besides this, it is most important to deter- 
mine the cause of the pain in every case by objective examination. 
If we can exclude an inflammatory process by ocular inspection, 
it is necessary to ascertain whether we are dealing with a 
neuralgia, whether this is located in the external meatus or 
tympanic plexus, and whether it is a local affection or a part 
of a trigeminal or cervico-occipital neuralgia. Furthermore, 
in such cases we should never neglect the examination of the 
teeth, as, especially in children, the pain very often radiates 
towards the ear from carious teeth. In like manner pain may 
radiate to the ear from ulcerative processes in the pharynx and 
larynx (vide chapter on Otalgia). 

Dizziness is one of the most important symptoms connected 
with diseases of the ear. It not only occurs in diseases of the 
labyrinth and in deafness of cerebral origin, but is not infre- 
quently observed in those affections of the middle ear which 
cause an increased pressure in the labyrinth. Where this 
symptom exists, one should test its intensity by allowing the 
patient to stand and to walk with open and closed eyes, and by 
rotating the body. One should then observe to which side there 
is a tendency to fall, and whether the dizziness is increased or 
diminished by forcing air into the middle ear, or by rarefying 
or condensing the air in the external meatus {vide chapter on 
Symptoms of Meniere’s Disease). Further, it must be ascertained 
whether there is nystasmus, to which side the fast component is 
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directed, and •v\'hether it changes according to the position of 
the head. 

Finally, we must take into consideration a series of abnormal 
sensations described as pressure fulness, and a feeling of tight- 
ness of the ear and head; these are, on account of their annoying 
character, often placed in the foreground by the patient. To 
these unpleasant symptoms we must still add the resonance of 
the patient’s own voice (autophony), which frequently occurs in 
unilateral accretions of cerumen and with a swollen or patulous 
Eustachian tube; and, furthermore, the painful sensations caused 
by sound, known as hypertesthesia acustica, which occurs in 
nervous individuals, and in slowly progressive ear affections, 
accompanied by a high degree of deafness. 

The first objective symptom to be determined is the presence 
or absence of a discharge. When it exists we must ascertain 
w'hen it began, and whether it is copious or scanty; furthermore, 
whether it is purulent, mucous or bloody, whether or not it is 
offensive, whether it has been continuous or interrupted, and 
whether there is a subjective relief when the discharge ceases, 
or, on the contrary, a feeling of fulness and pain in the ear 
(vide chapter on Acute and Chronic Suppurations of the Middle 
Ear), 

The disturbances of hearing which we will now mention will 
be more minutely discussed in the following chapters; they are 
of less importance than those noted above, but under certain 
circumstances become of great importance. To this class 
belongs the power of hearing better in noises — for example, in 
vehicles and in trains ('paracusis Willisii). This occurs most 
frequently in adhesive processes of the middle ear which run 
their course without secretion, especially in otosclerosis, and is 
generally, therefore, to be considered an unfavourable prognostic 
symptom. Paracusis localis, or the inability to localize the 
direction of sound, is another symptom belonging to this class, 
and is usually observed in unilateral deafness of high degree; 
it is seldom mentioned voluntarily by the patient, but only after 
questioning by the physician. This phenomenon may be ex- 
plained by the fact that it is possible to judge the direction of 
sound only by binaural hearing (vide chapter on Neuroses of the 
Acoustic Apparatus). 

An estimation of the facts connected with the history of the ‘ 
ease, as well as the most important symptoms in connection with 
the results of the methods of examination previously described, 
are sufficient, in the majority of cases, to enable us to form an 
opinion as to the nature of the affection and its prognosis. 
The mode of procedure which the physician should follow in the 
objective examination of his patient will next be given in regular 
order. 

The objective examination of the patient is begun with the 
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inspection of the auricle, external meatus, and niembrana tym- 
pani. One should never omit, before inserting the speculum, to 
examine the region of the external auditory orifice and the external 
portion of the auditory canal, as certain changes, limited to this 
area, such as circumscribed eczema and fissures, may be covered 
by the speculum, and may thus easily be overlooked. After 
introduction of the speculum, the meatus is examined in reference 
to its capacity and curvature, its vascularity and character of its 
secretion; we furthermore ascertain by inspection, and eventually 
by probing, the nature of existing obstacles caused by normal or 
pathological accumulations of secretion, fungi, polypoid growths, 
exostoses, or other diseased processes leading to stricture of the 
meatus. 

If there is no obstacle preventing the inspection of the mem- 
brana tympani, its different portions are examined as to colour, 
lustre, transparency, and curvature; this is accomplished by 
slightly changing the position of the speculum. We are thus in 
a position to observe the degree and extent of vascular injection, 
the size and colour of existing opacities and chalk deposits, and 
the form, position, and extent of perforations, cicatrices, and 
atrophied spots; and, further, the presence of a general or 
partial bulging, which may be caused by infiltration, bullse, 
abscess formation, as well as by granulations and polypi. 
In like manner, we must take into consideration the general 
or partial retractions of the membrane and their relation to the 
incudo-stapedial joint and to the inner tympanic wall. 

We next direct our attention to the position and inclination of 
the manubrium, the size and prominence of the processus brevis 
and of the posterior fold of the membrane, the form and extent 
of the triangular cone of light, the colour and amount of visible 
exudate in the tympanic cavity, and, in case of perforation, 
the condition of the inner tympanic wall. We must not omit 
examination with Siegle’s speculum, in order to ascertain the 
tension and mobility of the membrana tympani; this apphes 
to those cases in which it is abnormally bulged, as well as to 
those in which it appears normal. 

The use of the probe in the tympanic cavity is one of the 
most important diagnostic aids; it cannot be dispensed with in 
those cases in which it is necessary to ascertain the seat of 
granulations and polypi in the meatus, on the membrana 
tympani, or in the tympanic cavity. It is, furthermore, of 
value to diagnose caries or necrosis in the temporal bone, which 
are beyond ocular inspection {vide chapter on Aural Polypi 
and on the Carious and Necrotic Affections of the Temporal 
Bone). 

Having ascertained the condition of the membrana tympani, 
we next direct our attention to the hearing function. We first 
determine the acuteness of hearing for the acoumeter or the 
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watch, then the perception for low and high tuning-forks through 
the air, the hearing distance for speech, and, finally, the power 
of perception through the cranial hones for the watch, acoumeter, 
and tuning-fork (Weber’s and Kinne’s test, the duration of 
perception through the cranial bones). 

We next examine the condition of the Eustachian tube and 
tympanic cavity by the Valsalvan experiment, then by Politzer- 
ization, and, should these methods prove unsuccessful, by the 
catheter. During these procedures we must notice chiefly the 
auscultation sounds in the middle ear, and the changes on the 
membrana tympani after an inflation of air, especially alterations 
in its colour and curvature, in the form of the light reflex, and 
in the position of the handle of the malleus. 

After the middle ear has been examined, the hearing is again 
tested in the above manner, in order to ascertain the difference 
in the power of perception before and after inflation. This is 
of the greatest importance from a diagnostic as well as from 
a prognostic standpoint. As a rule, we may infer that the 
prognosis is favourable in those diseased processes (swelling and 
secretion in the middle ear, anomalies of tension, etc.) in which 
a considerable increase in the hearing distance takes place after 
an inflation. On the other hand, in cases in which no improve- 
ment in the hearing, or only a slight one, follows the inflation, 
the prognosis is more unfavourable, as we may assume with 
probability that the disturbance of hearing is due to some 
organized, irremovable, diseased product in the middle ear, or 
to changes in the labyrinth. 

It is also very important to find out the nature of the subjec- 
tive noises after the Eustachian tube has made been permeable. 
If we are informed that they are markedly diminished, this may 
he taken as a favourable prognostic sign, and we have the right 
to suppose that they are partially dependent on pathological 
changes in the middle ear, which are producing pressure on 
the contents of tlie labyrintla. If, on the other hand, the noises 
remain unchanged after inflation, we may conclude, in the 
majority of cases, that there are permanent changes in the ear, 
which render the prognosis unfavourable. 

According to the author’s experience, he lays great stress on 
questioning the patient whether in troublesome pressure and 
fulness in the ear he places his finger tightly in the external 
meatus, and by repeatedly shaking it seeks to rid hiruself of 
these disagreeable sensations. Many patients do this habitually, 
in order to bring about a temporary improvement in hearing. 
It is also important to ascertain, especially in chronic middle-ear 
affections, whether the patient has frequently used the Valsajvan 
method, because if not asked he seldom informs the physician 
of this fact. Each of these manipulations carried out to excess 
exercises, as experience shows, the most detrimental effect upon 
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the hearing. This misuse of the ‘Valsalvan method, as practised 
habitually by many, may produce a high degree of disturbance of 
hearing if the physician does not warn the patient in time. 

In middle-ear inflammations, especially in acute and chronic 
suppurations, it is absolutely necessary to examine the region 
of the mastoid process very thoroughly, because inflammations 
which have extended to that part produce palpable changes in 
the external cortical layer, the periosteum, and the integument, 
the early discovery of which is very important for determining the 
mode of treatment to be adopted. We therefore gently palpate 
the region of the mastoid to ascertain whether there is an infiltra- 
tion of the periosteum and skin, and whether there is fluctuation 
present; also whether, and to what extent, pain is produced by 
pressure and percussion upon the bone, what part of the mastoid 
is most sensitive to pressure, and whether a fistulous opening 
or cicatrix exists. In inflammatory affections of the mastoid, 
with swelling of the side of the neck, it must be further ascertained 
whether there is a tense infiltration of the tissues below the 
process, or whether there is a sinking abscess of otitic origin. 
The cervical and lymphatic glands in this region are often 
swollen and infiltrated in inflammations of the external meatus 
and middle ear, especially in purulent affections. Therefore, 
this always necessitates their examination, as a decrease in the 
infiltration may generally be considered a favourable sign. 

We now direct our attention to the examination of the naso- 
pharynx with reference to congestion, swelling, secretion, adenoid 
vegetations, ulcerations, and especially to the state of the tubal 
orifices. We must mention here, however, that a rhinoscopic 
examination is imperative when the combined symptoms demand 
it. These symptoms are produced by changes in the invisible 
portions of the naso-pharynx, increased secretion, palpable 
obstacles in the naso-pharynx, and difficulty of breathing 
through the nose. In case of a nasal obstruction, our attention 
is already drawn to the naso-pharyngeal affection by the peculiar 
expression of the face, which arises from breathing through the 
widely-opened mouth, from adenoids, or from any other obstruc- 
tion to nasal breathing. 

Although the result of the objective examination of the ear 
and its neighbouring parts, together with the history of the case 
generally, suffice to indicate the therapeutic measures to be 
employed, it is often necessary, however, to take into considera- 
tion the general health of the patient. This is of the greatest im- 
portance, as not only does a relation often exist between the aural 
affection and the general disease, but not infrequently a rational 
treatment of the latter has a favourable influence upon the former. 

After having ascertained the objective symptoms, we must 
then direct our special attention to the other organs, provided 
the history of the patient demands a general investigation. The 
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following conditions make sack an examination necessary: 
Frequent attacks of pulmonary catarrh, hcemoptysis, palpitation 
of the heart, continuous headaches, attacks of dizziness, anees- 
thesia and hypergesthesia, or symptoms of paralysis, neurasthenia, 
and hysteria; further, the admission of a past or present syphilis 
and the general appearance of the patient. 

The examination of the urine for sugar, albumen, and increase 
in the amount of urates is of great importance, as-the excretions 
of a diseased kidney greatly modify the course and result of the 
aural affection. We know that pruritus and frequently recurring 
furunculosis of the external meatus usually appear as the first 
symptoms of diabetes ; and, furthermore, that acute and chronic 
middle-ear affections of diabetic origin run an unfavourable 
course, and that a carious condition of the temporal bone is more 
easily brought about in patients with this diathesis. 

In like manner, the appearance of albumen in the urine, as 
a result of an acute or chronic nephritis, must be regarded as an 
important symptom, because during the course of these diseases 
exudations in the tympanic cavity repeatedly take place, as well 
as hsemorrhagic inflammations of the middle ear and diseases of 
the labyrinth, which are accompanied by sudden deafness. 

An increased excretion of urates and oxalates also demands 
the attention of the otologist, as this is not infrequently an 
accompanying symptom of otosclerosis. 

Lastly, the ophthalmoscoilic condition of the fundus must be 
ascertained in all cases in w^hich, in the course of an acute or 
chronic middle-ear suppuration, symptoms of a cerebral com- 
plication, or a sinus phlebitis present themselves. In sinus 
phlebitis, as well as in cerebral disturbances of hearing, the 
changes in the retina, such as retinitis, ecchymosis, choked 
disc, etc., furnish important aids for the diagnosis. 

It may be in place to mention a few facts- regarding the hygiene 
of the ear.* In reference to prophylaxis, patients must be warned 
against the too thorough and too frequent cleansing of the ear 
with small sponges, with the rolled end of a towel, and with ear- 
spoons (hairpins). These manipulations cause the greater part 
of the ceruminal secretion to be pushed into the deeper parts of the 
ear and favour the formation of ceruminal plugs. 

It is furthermore not advisable, when washing the face, to 
allow the water to flow into the ear, because, apart from the 
frequent macerations of the epidermis which may take place, 
the ceruminal secretion of the cartilaginous meatus becomes 
more fluid and flows into the deeper parts, where it forms plugs. 
The heads of infants should never be placed under water Avhen 
they are bathed, as not infrequently an acute otitis is brought 

* All exhaustive treatise on the subject is contained in an excellent work, 
Igiene del orechio, by Professor C'av. V. Cozzolino, wliich has been trans- 
lated into many languages. 
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about by the water entering the meatus or the Eustachian tube 
during an act of swallowing. 

The entrance of water into the ear when washing and bathing 
has a special detrimental effect in eczema of the ears, in sup- 
imrative middle-ear processes, and in middle-ear suppurations 
which have run their course and in which there is a persistent 
perforation. In the latter case, a small quantity of water is 
sufficient to bring about a relapse of the suppurative disease. 

On these grounds, aural patients should not be allowed to 
duck their heads under water while bathing, and they should be 
specially cautioned in reference to diving; it is also wise to warn 
those with normal ears against the detrimental effects of the 
above, inasmuch as the author has repeatedly observed, especially 
in patients with wide and straight meatuses, the occurrence of 
dangerous aural diseases after such procedures. When taking 
sea baths, it is recommended to close the external meatus with 
cotton, and to protect the ears with a bathing cap. 

If there is an itching in the ear, it is a bad habit to scratch the 
meatus with ear-spoons, hairpins, etc., as they often cause painful 
partial or diffuse inflammations of the external auditory canal. 
Such inflammations are brought about by erosions of the cutis 
covering the meatus and to subsequent bacterial infection. Any 
itching in the ear which is of an annoying character should be 
treated by a physician. 

•Pathogenic micro-organisms not infrequently enter the middle 
ear through injudicious manipulations and by blowing the nose 
forcibly during an attack of acute naso-pharyngeal catarrh. 
Instead of the customary habit, it is therefore recommended to 
close alternately each nostril and to get rid of the secretion by 
means of a forcible expiration. Habits which are practised by 
many, and which are still more harmful, are the snuffing up and 
syringing of cold water into the nose, or the use of a nasal douche. 
The solutions used in naso-pharyngeal affections should be 
employed only under moderate pressure in the form of a spray 
by means of an atomizer. 

The author was convinced from observations in his clinic 
that in large cities, where the atmosphere is full of bacteria, acute 
suppurative middle-ear affections occur more often than in the 
country. These affections occur much oftener and with greater 
severity in poor people; in the latter class, the growth of patho- 
genic bacteria is favoured owing to insanitary surroundings. 
During the process of inspiration the germs reach the naso- 
pharynx, and from here enter the middle ear. 

Aural affections, which are of a dangerous character, can be 
reduced to a minimum through a simple methodical disinfection 
of the naso-pharynx. Patients should be taught to keep the nose 
and naso-pharynx free from infection by using an antiseptic 
cleansing spray several times a day. Nasal douches and irriga- 
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tions should be avoided, as the fluid may be forced through the 
Eustachian tubes into the middle ear, and give rise to marked 
inflammatory conditions. 

The hygienic condition of a man’s calling or occupation plays 
an important part in the hygiene of the ear. Most of the 
industrial institutions work with raw material, which has a more 
or less detrimental effect on the organ of hearing. Not only the 
raw material itself, but the small particles of dust which arise 
from working the same, as well as the gases and the steam, affect 
the auditory apparatus. To the first group belong those who 
work in arsenic mines,* in whom, owing to chronic arsenic 
poisoning, diseases of the internal ear are brought about. To the 
second group belong all those who work in industrial institutions, 
in whom, through insufficient ventilation, there occur diseases of 
the upper respiratory tract, and as a consequence middle-ear 
affections. In regard to the above, workers in iron foundries 
and file-smiths (Ropke) are especially subject to this danger. 
The sharp metalHc dust often causes eczema of the external ear 
and sometimes perichondritis; the carbonic acid gas produces 
a labyrinthine affection, accompanied by subjective noises 
(Eohrer,! KayserJ). To this group belong, further, those cases of 
ulceration and perforation of the nasal septum which were first 
referred to by Rudloff.§ These ulcerations and perforations also 
occur in those who work with chromic acid in consequence of 
inhaling the dust or vapour formed by the chromates. RohrerU 
calls attention to the fact that phosphorus necrosis may also 
extend to the temporal bone in those who work in phosphorus 
factories. 

It has already been referred to (p. 174) that certain occupations 
which are associated with loud noises are detrimental to the 
organ of hearing. 

Workers in boiler factories, in stamping and roUing mills, and 
in nail, file and machine factories, as well as coopers, millers, 
artillerymen and engine-drivers, are often affected with pro- 
gressive deafness, due to a progressive atrophy of the auditory 
nerves and their ganglia (IIabermann,T| Wittmaak,** Barr,']'t 
Bnihlll). Injuries are also to be considered amongst the harm- 
ful agencies of certain trades. Eor example, in iron foundries 
one sees ruptures of the membrana tympani which are brought 
about by small bits of flying iron and by burns with red-hot dross 
and molten iron (Schwartze,§§ AltHH). The same applies to 
stonemasons and workers in stone-quarries. 

* Lewin, cited by BopJce : Die Bemfskrankheiten des Ohres und der dberen 
Luftwege, Wiesbaden, 1902. 

t Hang’s Klin. Vortr,, vol. i. t Wien, med. Woch., 1893. 

§ Ninth meeting of the Deutsch. otol. Gesellschaft. || Loc. at. 

^ Arch.f. Ohren., vol. xxx. ’'■* Zeit. f. Ohren., vol. li. 

tt Glasgow Phys. Society, 1886. ft Zeit. f. arza. Fortbildnng, 1904. 

§§ Lehrbuch, p. 82. |||i Archivf. Ohren., vol. xxxii. 
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In caisson and tunnel workers one occasionally sees a form of 
aural affection which may be prevented if certain precautions are 
observed. In this class of workers an apoplectiform labyrinthine 
disease comes on in coijsequence of the great variations in the air- 
pressure, and is probably caused by the formation of gas emboli 
in the vessels of the labyrinth (v. Schrdtter, Heller, and Mager,* 
Moos,t Alt|). Glass-blowers often suffer from tinnitus (Burkner§), 
the cause of Avhich, according to Rdpke,|| is a congestion and 
hypera3mia of the labyrinth. 

* Monal.f. Ohren., vol. xxxi. f Zeit.f. Ohren., vol. xiii. 

f Sixth meeting of the Deutsch. otol. Gesellsehaft, Dresden. 

§ A.f. 0., vol. xxi. II Loc. cit., p. 50. 


DISEASES OF THE SOUND-CONDUCTING 

APPARATUS. 

Special Part. 

I. 

DISEASES OF THE EXTERNAL EAR. 

(Auricle and External Meatus.) 

Anomalies of Secretion in the External 
Auditory Meatus. 

Hypersecretion of the Ceruminous Glands. Formation of 
Ceruminous Plugs. 

The cerumen, a product of the ceruminous and sebaceous glands, 
is secreted mainly in the cartilaginous meatus, and only to 
a small extent at the commencement of the osseous portion. 
Under normal circumstances, it is removed partly by the move- 
ments of the inferior maxilla and partly by various manual 
manipulations. Part of the secretion, however, not infrequently 
remains in the auditory canal, thereby forming a plug whicli 
obstructs the canal and mechanically impairs the hearing. 

Etiology. — The causes of accumulations of cerumen in the 
external auditory canal are: (1) Habitual or frequently recurring 
hypersemia of the lining membrane of the meatus, which occa- 
sions a hypersecretion of its glandular elements. (2) Congenital 
or acquired strictures of the meatus which prevent the discharge 
of the secretion. To the congenital class belongs the tortuous 
course of the external meatus, while to the acquired class belong 
the membranous strictures, hyperostoses and exostoses in the 
external meatus, and the slit-like contraction of the external 
auditory orifice in old age, caused by atrophy and shrivelling 
of the cartilage. (3) Abnormal consistence of the cerumen, 
inasmuch as through the retention of a thick secretion, mixed 
with fine hairs of the cutis, an accumulation and storing up of 
the cerumen is favoured. (4) Improper cleansing of the meatus, 
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especially in persons who habitually allow a quantity of water 
or soap-suds to flow into the auditory canal while washing, and 
then forcibly insert a twist of the towel into the passage. The 
moistened cerumen is thereby forced from the cartilaginous 
into the osseous portion, and finally forms itself into a lump. 
(5) Eczema, circumscribed and diffuse otitis externa, partial or 
diffuse desquamative inflammations of the cutis of the meatus, 
and suppurations of the middle ear. After subsidence of the last- 
mentioned conditions a plug frequently forms, which, in such 
cases, is composed principally of epidermic masses. (6) Foreign 
bodies in the ear to which the cerumen adheres until an occluding 
plug is formed; in addition, collections of powder, coal-dust, 
portions of plants, etc. 

Accumulations of cerumen may occur without any other 
disturbance in the ear, or may be combined with diseases of the 
middle ear and the labyrinth. In persons with normal hearing 
the plug may attain a considerable size before any impairment 
of hearing becomes manifest. These plugs, which are of the 
interstitial variety, do not completely fill the lumen of the meatus, 
and do not lie against the membrana tympani. A mechanical 
disturbance of hearing commences only when the lumen of the 
meatus is completely obstructed by the continuous accumulation 
of the secretion, or Avhen the plug rapidly swells during washing, 
bathing, or through perspiring; an^ lastly, Avhen it is driven 
against the membrana tympani through a sudden jar (occluding 
plugs). 

Symptoms. — Symptoms of an occluding ceruminous plug are: 
A feeling of discomfort and fulness in the ear, subjective sensa- 
tions of sound, resonance of one’s own voice, occasional attacks of 
dizziness and stupor in consequence of increased intra-auricular 
pressure, and in rare cases psychical depression, hallucinations 
of hearing, vomiting, attacks of eclampsia, blepharospasm, and 
facial paralysis. Only Avhen the plug is very hard is a piercing 
pain produced as the result of pressure on the Avails of the auditory 
meatus and on the membrana tympani. In such cases, after 
removal of the accumulated mass, one frequently’ finds a cir- 
cumscribed inflammation of the osseous meatus, but rarely of the 
membrana tympani. 

The disturbance of hearing varies considerably according to 
the degree of occlusion, and the apposition of the plug to the 
membrana tympani. The author has never observed total deaf- 
ness, even in cases of complete occlusion. Therefore, where 
speech cannot be understood, Ave may assume AAuth probability 
that a middle-ear or labyrinthine disease is also present. In 
idiopathic accumulations of cerumen the hearing distance often 
varies suddenly; this is especially the case Avhen the iflug SAvells 
and soon after rapidly contracts, or when it undergoes a sudden 
change of position owing to movements of the javv’. In per- 
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foratioii of the membrana tympani, the ceruminous plug may 
improve the hearing by acting as an artificial drum membrane. 

Diagnosis. — By examination with the speculum, and not in- 
frequently even with the naked eye, the meatus is seen to be 
plugged with a light yellow or dark brown greasy mass, which may 
be glistening or dull, and which, on being touched with the probe, 
feels doughy, half-liquid, or hard as a stone.* The following may 
be mistaken for ceruminous plugs: Purulent or cholesteatomatous 
masses mixed with epidermis, which remain after an otorrhcea 
has run its course, and dry up to a brown crust; dried-up blood; 
foreign bodies enveloped in cerumen, and not infrequently balls 
of cotton which have worked their way inwards and have become 
brown with age. 

Prognosis. — This is as a rule favourable, as far as the restora- 
tion of the hearing function is concerned, especially if the deafness 
has taken place suddenly, after bathing, while washing, or after 
one has freely perspired; when informed of this fact, the probable 
cause of the disturbance of hearing may be attributed to an idio- 
pathic ceruminous plug. Where this is not the case, one must 
be very careful in giving a prognosis, in view of the fact that 
accumulations of cerumen are very often associated with adhesive 
processes in the middle car, or with diseases of the labyrinth, 
Laterahzation of the tone of the tuning-fork during Weber’s test 
towards the obstructed ear, or negative Einne, must not be looked 
upon as a sign of an idiopathic ceruminous plug, as the same result 
is also obtained in middle-ear affections. If, on the other hand, 
the tuning-fork, placed on the vertex of the head, is perceived by 
the better-hearing ear, it is very probable that there is a labyrin- 
thine complication. Yet, in excejrtional cases, the tone can be 
lateralized towards the normal ear, even when an idiopathic 
ceruminous plug is present. The bone perception is often, but 
not always, lengthened (Dundas Grant). 

Treatment. — The ceruminous plug is most readily removed by 
forcibly syringing the ear with warm water. Tor this purpose one 
employs a large syringe capable of holding 100-200 grammes; 
the plug is all the more easily removed if one attaches to the 
nozzle a short or a small rubber tube, rounded at the end, and 
inserts it as far as the plug. Adherent ceruminous masses rnay 
first be loosened with a probe, and then removed by a forcible 
injection of water. 

Careful syringing at the first examination is indicated only 
when the plug has a glistening, greasy appearance, and feels 
soft on being probed. On the other hand, when the cerumen 
appears lustreless, dry, and hard, it is advisable first to soften it 
by the instillation of warm water or dilute glycerine; softening is 
best effected by means of a solution of soda and glycerine (sodii 

* According to Kishe {A. /. 0., vol. Ixx.), the cerumen of the Japanese is a 
white, dry, squamous mass, which is only occasionally slightly yellow. 
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carbon. 0-5, aquas dost., glycerin, pur., ana 5-0) ; this solution should 
be used by the patient three to four times a day for several days. 
The cerumen is generally so softened and loosened after twenty- 
four hours that it can easily be removed after a few injections. 
If, after repeated syringing, the cerumen cannot bo displaced, 
it is better to continue these instillations, as an otitis externa may 
be excited through frequent and violent injections. It must be 
mentioned that when ordering drops for instillation, the patient 
should be informed that the deafness might increase in conse- 
quence of swelling of the cerumen. 

As a rule, the function of hearing immediately becomes normal, 
and the annoying subjective symptoms disappear after removal 
of ceruminous accumulations. It is only in exceptional cases 
that a slight deafness remains for a few days, and is due to the 
long- continued pressure on the membrana tympani, which 
quickly disappears when the latter has regained its normal 
tension. After the plug of cerumen has been removed, it is 
advisable to close the ear with cotton for several hours as a 
protection against cold. 

In the majority of cases, after removal of the masses others 
reaccumulate. The interval between the re-formations varies 
from several months to several years. There are cases, however, 
in which the meatus becomes occluded with secretion in five or 
six weeks. The accumulation of cerumen is especially rapid in 
seborrhoea, and in such cases it is advisable to allow the patient 
to use instillations and injections at stated intervals. 

A decrease or entire cessation of ceruminous secretion is not infrequently 
observed after an otitis externa diffusa or circumscripta has run its course, 
after eczema, and especially in connection with the insidious adhesive 
processes of the middle ear and in otosclerosis. The cause of this seems to 
lie in an affection of the tropliic nerves of the ear, which accompanies the 
middle-ear disease. The secretion sometimes ceases in the acute middle-car 
catarrhs, but frequently returns when an improvement has been brought 
about by treatment.* From this the assumption arises that the return of 
the ceruminous secretion is to be regarded as a favourable indication. This 
is contradicted by the fact that often during treatment of chronic adhesive 
processes in the middle ear an accumulation of cerumen occurs without a 
simultaneous improvement in the hearing. The secretion seldom completely 
ceases for any length of time if the external and middle ears are in a normal 
condition. The anomaly of cessation is mostly found in old people with a 
dry sldn, and in those who habitually cleanse the meatus. In such cases the 
cartilaginous meatus appears free from cerumen, pale, and dull. The absence 
of ceruminous secretion is often accompanied by itching of a varjnng degree, 
and a feeling of dryness and contraction in the ear. 

The treatment consists in occasionally painting the cartilaginous meatus 
with a small quantity of vaseline, with unguent, prtecip. alb. (0-2 : 10), or 
with a mixtme of tine, nuc. vom. and gtycerinc (2 : 20). 


* Dundas Grant saw the reappearance of ceruminous secretion after the 
repeated use of Siegle’s speculum. 
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The Diseases of the Skin of the 
External Ear. 

The skin of the external ear may he the seat of a localized 
disease, or it may form part of a general cutaneous affection 
involving the entire, or large portions of the body. We will 
mention here only the cutaneous diseases wdiich most frequently 
come under the notice of the otologist, 

1. Hyperaemia of the External Ear. 

Active hyperfemia of the auricle is caused either by mechanical 
irritation, or by the action of cold (frost) or heat; or it may be the 
remains of an engorgement of the cutis following an eczema and 
erysipelas; in some individuals it occurs after eating fish or after 
the use of certain drugs, as, for instance, antipyrin. Erythema 
exudativum multiforme, ■which, according to Hehra, is a true 
exudative process of the skin, maj”- also he present on the auricle 
in all its stages, from a simple macular eruption to the develop- 
ment of the so-called herpes iris efflorescence; it is usually, how- 
ever, part of a general erythema. Passive hyperoBmia of the 
auricle is most frequently observed in cyanosis resulting from 
valvular lesions of the heart, and is a symptom of a venous 
stasis of the vessels of the head. A rare form of passive hyper- 
a3mia is observed as a local cyanosis, ■^^’■hich is of an angio-neurotic 
nature, and is associated with blueness, turgescence, and a 
feeling of coolness of the auricle; it is met with in young individuals 
who are usually neuropathic or hysterical, and especially during 
puberty. 

A congestive condition of the auricle, wdiich is of a fluctuating 
nature, is observed in rare cases, and is to be regarded as an 
angio-neurosis of the sympathetic nerve. In these cases the 
hypertemia is usually unilateral, less frequently bilateral. It 
appears especially in the evening, wdth great redness and a 
feeling of warmth and burning of the auricle, and is occasionally 
accompanied by tinnitus, heaviness of the head, and slight 
attacks of giddiness. This condition, which is usually transitory, 
and which returns at irregular intervals, sometimes appears 
in individuals with healthy ears, more frequently, how^ever, in 
the course of adhesive middle-ear inflammations. Eor chronic 
hypersemia, it is recommended to apply cold compresses saturated 
with a weak solution of liquor Burowii, with aqu. Goulardi, or with 
aqu. plumbica. We may also pencil the parts with tinctura rusci, 
followed by dusting with a cooling powder (such as oxid. zinci, 
carbon, plumbi, amyli oryzie, ana 20-0, pulv. irid. flomntin. 2-0), 
and anointing the auricle in the evening with vaseline; for the 
angio-neurotic form, the galvanic current applied to the sympa- 
thetic nerve of the neck is indicated. 
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Hypersemia of the external meatus is a symptom which regu- 
larly accomj)anies hypersemia and inflammation of the tympanic 
cavity and mastoid process. It often appears as a residuum of 
an inflammation of the auditory canal which has run its course, 
especially after eczema and furunculosis, and is also observed in 
association with congestion of the head, and with inflammations 
in the region of the ear, especially of the parotid. 

The congestion is especially marked in the osseous, less fre- 
quently in the cartilaginous meatus, and extends, as a rule, to 
the upper parts of the membrana tympani and along the handle 
of the malleus. 

Long-continued hypergemia leads to a hypersecretion of the 
ceruminous glands, to abnormal desquamation of the epidermis, or 
to abnormal exudation with the formation of a crumbling, friable 
secretion. 


2. The Inflammations of the External Ear. 

A. Dermatitis of the Auricle. 

Dermatitis of the .auricle is most frequently caused by injury, 
frost-bite, and burns, but it may also be the result of a local 
parasitic infection. The affection not infrequently appears as a 
part of a severe erysipelas of the face and neck. 

(a) Dermatitis Traumatica. — This form is due to the following 
causes : Thrusts, blows, falls upon the ear, insect bites, cauteriza- 
tion, scalding, piercing the ears, and the mechanical irritation of 
the cutis through the wearing of ear-rings which are too heavy 
or too tightly screwed. The extent, intensity and duration of 
inflammation depend on the severity of the injury. Such an 
inflammatory process may vary from the slightest form of a 
transient erythema to the development of a circumscribed gan- 
grene of the skin. A severe local dermatitis, which may extend 
over the cutis of the entire auricle., may also be brought about by 
poisonous insect bites (bees, wasps, horse-flies, etc.). The treat- 
ment should be purely antiphlogistic, and is regulated according 
to the severity of the inflammation. The following lotions may 
be employed: Applications of cold aqua plumbi acetatis, or 
liquor Burowii diluted with 3 or 4 parts of cold water. 

(b) Dermatitis Erysipelatosa (Erysipelas auriculce ). — This 
form_ of inflammation arises from erosions, excoriations, and 
injuries of the auricle and external meatus, and is brought about 
by the entrance of the specific bacteria of erysipelas (Strepto- 
coccus erysipelatosus, Pehleisen) into the injured parts. Its occur- 
rence is facilitated by all forms of moist eczema, by erosions, 
naaceration, and fissure formation of the cutis due to purulent 
discharge from the ear, and by any form of abrasion of the 
skin. Primary erysipelas of the auricle is rare; it occurs more 
frequently in combination with erysipelas of the face and head. 
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and occasionally extends to the external meatus and cavum 
tympani. 

The inflammation usually extends over the entire auricle, and 
not infrequently involves the region surrounding the ear; the 
auricle itself is greatly reddened, swollen and enlarged, and the 
skin presents a stretched and shining appearance. Occasionally 
hard, dark red nodules in the skin or extensive bullse are formed 
{eujsipelas hullosum), which burst after they have existed a short 
time, and discharge a serous fluid. The affection is sometimes 
limited to the lobule. Brieger observed the extension of an 
erysipelatous inflammation from the external meatus to the 
tympanic cavity without a previous perforation of the drum 
membrane. Mygind reported a case in which the inflammation 
involved the labyrinth, and was followed by complete deafness. 

Symptoms. — These are: High fever, a feeling of tightness in 
the head, dulling of sensation, severe burning, a feeling of tension 
and pressure in the auricle, shooting pains, and, later, continuous 
severe pain. 

Course. — In the milder forms of this affection the fever and 
signs of inflammation subside in a few days, and the auricle 
regains its normal appearance. The author has seen, even when 
a number of bullce were present on the auricle, healing take 
place within a few days after the bullfe had burst, inasmuch as 
the denuded places were quickly covered with normal epidermis. 
Adherent crusts occasionally form, and a marked redness remains 
for some time after they have been cast off. 

In rare cases, in which the inflammation is very intense, 
flaccid, subcutaneous abscesses are formed. These occur especi- 
ally on the posterior surface of the auricle, and if not opened at 
the proper time may lead to an extensive undermining of the 
skin of the auricle. A fatal termination from severe migrating 
erysipelas, or from gangrene, is a very rare occurrence. 

Treatment. — The treatment of erysipelas of the ear should 
be conducted on antiphlogistic and antipyretic principles, the 
same as an erysipelas in any other part of the body. The follow- 
ing are often beneficial: 1 to 2 per cent, ichthyol, compresses of 
resorcin solution, ichthyol or resorcin collodion, Burow’s solution, 
or compresses of pure alcohol. 

(c) Dermatitis Phlegmonosa. — Phlegmonous dermatitis of the 
external ear is brought about by the entrance of the pyogenic 
bacteria into the injured cutis {Streptococcus and Staphylococcus 
jjyogenes). It generally begins as a superficial dermatitis, and 
is often accompanied by severe fever. As a rule, however, it 
commences with heat, a sharply- defined redness and swelling or 
the skin, and presents the appearance of an erysipelas. ‘ Ihe 
penetration of the inflammatory process into the deeper parts, 
and the subcutaneous formation of pus, are made evident by 
violent throbbing pain, and an increasing irregular swelling and 



DERMATITIS CONGELATIONIS OF AURICLE 


193 


prominence of the auricle, accompanied by a doughy, soft feeling; 
the ear also becomes extremely sensitive within twenty-four to 
forty-eight hours, and a distinct fluctuation can often be per- 
ceived on the third or fourth day. The inflammation is aborted 
by extensive incisions made as early as possible at the point of 
fluctuation, and the wound treated antiseptically. 

{d) Dermatitis Congelationis Auriculae. — The skin of the 
auricle is specially predisposed towards this form of inflamma- 
tion. This is explained by the fact that it is exposed to atmo- 
spheric influences, that it has a relatively thin cutis, and that 
the subcutaneous tissue, which separates it from the cartilage, 
is tense and scanty. All forms of dermatitis congelationis are 
observed on the auricle. The acute hypersthenic form, which 
arises from excessive cold, with a simultaneous freezing of the 
nose, may rapidly lead to partial necrosis and gangrene of 
portions of the skin and cartilage, with partial loss of the auricle; 
this is especially prevalent in the North. We also meet with the 
ordinary chronic form associated with moderate swelling and 
redness, and finally, the circumscribed, rather sharply-defined 
dermatitis — the true frost-bite. 

These tissue changes lead to the formation of nodules and 
excoriations, especially on the elevations of the auricle — most 
frequently on the helix. They show little tendency to heal, 
and are sooner or later covered by crusts tinged with blood. 
After these have been cast off, desquamation of the skin often 
remains for a long time. Young chlorotic individuals, especially 
girls whose vaso-motor system is easily excited, are most often 
subject to this affection; it appears at a fixed time every year, at 
the beginning of the cold weather. It must be mentioned, 
however, that it is not necessary, in those predisposed, for 
the temperature to be below the freezing-point in order to 
bring about this form of dermatitis. It occurs more frequently 
in the low temperature of autumn, and especially if the 
patient has been exposed to atmospheric influences for a 
long time. 

The following subjective symptoms are of importance: Lanci- 
nating pains which are experienced when the auricle is exposed 
to the open air, especially when the air is dry and the wind 
is severe; itching, burning, and a feeling of heat, which induce 
incessant rubbing and scratching, and which become almost un- 
' bearable in heated rooms and in bed. 

Treatment. — The treatment in the acute inflammations con- 
sists in the local application of cold, which must be used as 
long, as it is well borne by the patient. In the milder forms cold 
compresses with Goulard’s solution, and tine, opii (200-0 : 10-0), 
are sufficient; in the severer forms, a small ice-bag is indicated. 
In chronic and subacute dermatitis due to cold, washing and 
rubbing the ears two to three times daily with water as hot as 

13 
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can be borne is especially recommended. Besides the measures 
mentioned above, the physician should carefully pencil the 
parts twice a day with iodine collodion, as with this the un- 
pleasant subjective symptoms are greatly relieved. For the 
latter, Bardeleben’s collodium contra frigus (collodion SO-O, 
ol. ricini 2-0, ol. terebinth 7-5) has proved of value. Camphor 
ointments are also used with good results if apjdied several times 
a day (camphor® ras® 0-20, cer® alb® 10-0, ol. lini 15-0), and 
greatly relieve the unpleasant itching. Where portions of the 
skin have been laid bare through the formation of bull® or excoria- 
tions, they should be covered with an ointment of ung. hydrarg. 
pr®cip. 3ii., and ung. zinc. oxid. ad gi., and its application con- 
tinued until the exposed area is again covered with a new resistant 
layeivof epidermis. If the parts are very sensitive, a cocaine or 
powdered opium salve (5 to 10 per cent.) can be applied. Bing 
recommends pencilling the parts every evening with a salve 
consisting of calcaria chlorata 1 -0, and ung. jjaraffini 9-0. Instead 
of the prepared ointments, Beiersdorff-IJnna’s zinc and boracic 
ointment mulls can be applied with great advantage in the above 
and all similar inflammations which are accompanied by the 
formation of crusts and excoriations, because they can easily 
adapt themselves to the elevations and depressions of the auricle 
and remain in position many hours. They should be reapplied 
morn'ng and evening. 

We must still call attention to the occurrence of efflorescence 
on the auricle and in the external meatus arising in the course 
of herpes zoster and the acute exanthemata. The efflorescence 
in the external meatus appearing especially during the course of 
variola often leads to troublesome ulcer and crust formation. 
Dusting with boracic acid, and the introduction into the meatus 
of cotton tampons covered with boracic ointment, are most 
serviceable for the latter ailment. Orthoform vaseline _ and 
naphthalene have been recommended by some dermatologists. 

B. INFLAKIATIONS OF THE EXTERNAL AUDITORY CANAL. 

The cutis of the external meatus is always the seat of the prirnary 
forms of inflammation, and the changes produced here sometimes 
extend to its cartilaginous or osseous walls. The inflammation 
is either in the cartilaginous meatus, where the glandular elements 
of the cutis are affected, or in the osseous portion, from Avhich 
the superficial diffuse inflammation often extends to the cutis 
of the membrana tympani. The external meatus is seldom 
uniformly inflamed in its entire extent. 

Otitis externa presents a number of characteristic forms, 
the peculiarity of which depends partly on the situation and 
partly on the nature of the exudation and cause of the inflam- 
mation. Although we describe these various forms separately, 
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because they are clinically different, it must be mentioned that 
combined forms very often occur, making it difficult to classify 
a given case in a certain group. 

1. Follicular Inflammation of the External Auditory Canal. 

{Otitis Externa Follicularis s. Circumscripta.) 

Follicular inflammation of the external auditory canal has its 
seat chiefly in the cartilaginous section. The process takes its 
origin either in a hair follicle or sweat-gland, or, as is often 
the case, a whole group of neighbouring follicles and glands is 
simultaneously affected. The seat of the inflammation is either 
that part of the cutis lying near the perichondrium, or its 
superficial layers. 

Etiology. — Follicular inflammation, commonly known as 
furunculosis of the external meatus, often occurs without any 
known cause in healthy, robust individuals; sometimes it is a 
part of a general furunculosis. The formation of furuncles is 
observed in the course of chronic, purulent otitis media and 
chronic eczema of the external meatus. Other causes of this 
form of inflammation are: Mechanical irritation of the meatus, 
as frequent syringing and washing of the same; scratching 
with hard objects, as tooth-picks, hair-pins, etc.; injuries of the 
meatus; irritation caused by foreign bodies; and the instillation 
of irritating substances. The frequency with which furunculosis 
occurs in street-cleaners must be attributed to the dust. " 

Lowenberg found many micro-organisms in the fimmcular pus, which, 
according to lum, are the cause of the disease. The Staphylococcus pyogenes 
aureus and albus, which penetrate the hair follicle, have been proved to be 
the exciting cause (Schimmelbusch).* If the pus is discharged into the 
meatus, multiple furuncles may arise from the migration of the micrococci 
into other follicles; this explains the rapid recurrence of the furuncles. 

Occurrence. — Furunculosis of the external auditory canal 
occurs especially in the spring and autumn, and in fact so often 
that one is inclined to look upon the affection as epidemic in 
character. It occurs more frequently in adults than in children, 
and is not infrequently observed in aneemia, in disorders of men- 
struation, in diabetes mellitus, and at the menopause. 

Symptoms. — The symptoms vary according to whether the 
inflammation is situated in the neighbourhood of the perichon- 
drium or in the superficial layers of the cutis. If the affection 
has its seat in the deeper layers of the cutis, the disease begins 
with gradually-increasing tearing or beating pains which radiate 
towards different parts of the head and neck; when the height 

* According to the investigations of Garre and Bokliardt, the different 
forms of furunculosis may be brought about experimentally by applying 
water whieh has been infected with the pure culture of Staphylococcus pyogenes 
aureus, and then rubbing it into the skin. 
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of the inflammation is reached, the pain is so severe that the 
patient is robbed of his sleep. Every time the ear is touched 
the pain is increased, and movements of the jaw especially 
increase the pain. Fever and loss of appetite are not uncommon 
in the first few days. A feeling of fulness in the head, subjective 
noises, and disturbances of hearing occur, as a rule, only when 
the lumen of the canal becomes blocked by the furuncle. These 
symptoms rarely arise if the canal is free, but, if present, they 
are due to a spreading of the hypeimmia to the middle and 
inner ear. 

When the inflammation is deep-seated, the swelling, which is 
due to exudation, narrows the meatus, and appears flat, ill- 
defined, and only slightly reddened. If, on the other hand, the 
inflammation is seated in the supei-ficial layers, we find a very 
red, livid, sharply-defined elevation which often develops with 
slight pain, and sometimes without any at all. The inflammation 
is most frequently located on the inferior and posterior walls of 
the meatus, and on the inner surface of the tragus. Multiple 
furuncles often arise simultaneously, or rapidly succeed each other, 
whereby the lumen of the canal is closed through their mutual 
contact. When they form in the anterior wall, the parts in 
front of the tragus appear swollen and of a bluish-red colour; 
when they are situated on the posterior wall, the swelling on the 
mastoid is sometimes so marked that it may be mistaken for a 
' periostitis mastoidea. The author has seen cases in which a 
fluctuating abscess on the mastoid process was due to a furuncle 
on the posterior wall of the meatus. After this had been incised 
from the external auditory canal the pus was discharged, and 
after the application of a pressure bandage healed in a few days. 
After rupture of the abscess, K^rebs found (Therap. Monaisclir., 
1907) that in many cases the bone was secondarily affected. 
Coincident glandular swellings on the lateral region of the neck 
are, on the whole, rare. Follicular abscesses at the inner portion 
of the cartilaginous and at the beginning of the osseous meatus 
usually appear as yellowish-green pustules, about the size of a 
hemp or millet seed, on the posterior and superior walls. 

Course.' — In the majority of cases, the exudate becomes 
purulent after the inflammation has existed four to five days. 
It sometimes takes eight to ten days for the abscess to form. The 
abscess usually breaks at the yellow apex, where it points; rarely 
at the side. If the exudate is deep-situated, the greater^ will 
be the delay in the discharge of the abscess into the auditory 
canal. The inflammation seldom subsides without the formation 
of an abscess. . 

As a rule, the violent pain ceases on spontaneous or artificial 
opening of the abscess, and the other symptoms also gradually 
subside. Sometimes, however, violent exacerbations occur, 
which are due either to the formation of new abscesses at 
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other parts of the raeatus, or to the occlusion of the abscess 
opening, which prevents the escape of the pus. 

When the abscess drains freely, the swelling subsides in a short 
time; still, slight infiltration and elevation often remain for 
some weeks. Spongy granulation tissue often projects from the 
orifice of the abscess, and may be mistaken for a fungiform 
polyp on the wall of the canal. The course is always protracted 
by such growths, and cure is effected only after their removal 
with a curette or cautery. 

Furunculosis of the auditory canal shows a special tendency 
to relapse. It appears either spontaneously or after mechanical 
irritation, especially in diabetic patients, and recurs sometimes 
at shorter, sometimes at longer intervals (habitual furunculosis), 
often causing emaciation and nervous excitement. 

Diagnosis. — This is not difficult, if we take into consideration 
the subjective and objective symptoms. If the examination is 
carried out perfunctorily, exostoses in the external meatus covered 
with reddened cutis, and bulgings of the wall, which develop in 
the course of a mastoiditis, may be mistaken for furuncles. On 
the other hand, a diffuse furunculosis extending from the external 
auditory canal over the mastoid region may be mistaken for a 
true mastoiditis. It is therefore often difficult to arrive at a 
correct diagnosis at the first examination. As a rule we can con- 
clude that we are dealing with an affection of the canal by the 
absence or slight rise in temperature, and by the result of our 
treatment. In a true furunculosis of the canal the inflammatory 
process yields to treatment within a short time, while in a true 
bone involvement of the mastoid the tenderness and swelling 
persist, and are relieved only by ojperative measures. In the 
osseous section of the auditory meatus in which the glandular 
elements are wanting, single or multiple pustules sometimes 
develop, causing severe pain; this condition, however, does not 
belong to the category of follicular inflammations. 

Treatment. — In the stage of exudation, our aim is to relieve the 
pain as quickly as possible. This is most readily accomplished with 
hot applications in the form of wet dressings, hot-water bags, or 
the electric pad. The best results are obtained with hot dressings 
or Burows solutions in the proportion of one part of the solution 
to three or four parts of hot water. A small gauze wick saturated 
with the hot mixture should be gently introduced into the swollen 
external meatus as fanas possible, and sterile gauze saturated with 
the solution applied around the posterior surface of the auricle 
and over the entire external region of the ear. These wet dress- 
ings should be continued until the deep-seated abscess comes to 
the surface, whereupon the furuncle, as a rule, bursts spontane- 
ously. In the majoritj’- of cases, these hot dressings bring about 
a rapid relief of the pains, and cause a subsidence of the inflam- 
matoiy swelling within a few days. In other cases, the writer 
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has obtained some relief and an alleviation of the condition 
by the liberal application of pure ichthyol to the swollen canal. 
Where in spite of these conservative treatments the swelling 
and pain persist, one is occasionally called upon to resort to 
operative measures by making free incisions into the swollen mass. 
The operation can be performed with or without a local anaBSthetic, 
or under a general anaesthesia of ethyl chloride or gas. In cases 
in which pus has not formed, a sanguineous fluid will be dis- 
charged through the incision, and the pain Avill thereby be 
alleviated by relaxation of the cutis. If the pus is not reached by 
the incision, it very soon makes a way for itself into the opening. 
Incision is furthermore indicated when the pus has reached the 
surface and the swelling has come to a point, but has mot burst 
on account of the strong resistance of the epidermic layer. Even 
in those cases in which the abscess has opened spontaneously, 
but in which the discharge of pus is hindered on account of the 
smallness of the opening or by tlie ‘ core ’ of the furuncle, it 
is often necessary to enlarge the opening. After spontaneous or 
artificial opening of the abscess, it is advisable to exert moderate 
pressure on the external surface of the cartilaginous meatus in 
order to bring the pus and the core to the surface. 

Other remedies besides incision may be employed to alleviate 
pain. The following may be mentioned : Narcotic embrocations 
around the ear {vide Treatment of Acute Middle-Ear Inflamma- 
tion) ; the introduction into the auditory canal of little plugs of 
cotton or gauze dipped into a mixture of aq. opii 4-0, aq. dest. 
12-0, or into a 5 per cent, cocaine solution. Small pledgets of 
cotton dipped in a 2 per cent, solution of resorcin are very good. 
By the use of these, small furuncles may subside and large ones 
may become smaller and perforate more easil 5 ^ The pain is 
furthermore relieved by the insertion of a long strip of gauze 
covered with a morphine boracic acid salve (acid, boric. BO, 
vaselin. 20-0, acet. morph. 0-2). The author has seen rapid relief 
follow the application of Leiter’s tubes through which cold water 
was allowed to flow {vide Treatment of Inflammation of the 
Mastoid Process). S 3 n’inging the ear is to be avoided, as 
experience has shown that it may give rise to mew eruptions. 

A considerable improvement in the treatment of furunculosis 
of the external meatus has been achieved through the introduc- 
tion of antisepsis. The most effectual remedies are: Carbolic 
acid in the form of carbolic glycerine (0-5 : 15’0), which may be 
applied with a brush, or introduced into the auditory canal by 
means of a piece of cotton saturated with the same; boracic acid 
(Morpurgo), which may be used in the form of powder, or in the 
form of an alcoholic solution in the proportion of 1 ; 20. All these 
remedies may be employed before or after opening of the abscess. 
The author has repeatedly seen a recession of the furuncles, 
without bursting into the meatus, after painting with carbo- 
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glycerine. When they recur repeatedly, one can resort to the 
stronger antiseptic instillations of bichloride of mercury and alcohol 
(hydr. bichlor. corros. 0 •05-0-1, spirit, vini rectif. 50-0, Kirchner). 

After the furuncle has been incised, the opening should be 
immediately disinfected with carbo-glycerine, or with a solu- 
tion of boracic acid and alcohol ; this is done to check the growth 
of the cocci, and to prevent the bacteria from migrating into the 
neighbouring follicles. 

After-treatment. — After the follicular inflammation has run 
its course, it is advisable to give instillations of boracic acid and 
alcohol in a 25 per cent, solution, three to four times a day, until 
the canal has assumed a normal appearance. The ceruminous 
secretion either ceases entirely or there remains a crumbling scaly 
exudate. This abnormal discharge is usually accompanied by 
severe itching, causing the patient to scratch the meatus with 
all kinds of hard bodies. 

To prevent this troublesome itching it is recommended to 
anoint the cartilaginous meatus every second day for several 
weeks, after the disappearance of the furuncle, with a white 
precipitate ointment (hydrarg. prsecip. alb. 0-3, ung. emoll. or 
vaselin. 12-0), or with a boracic ointment (1 : 20 vaseline or 
lanoline), to which a little cocain. oleinicum (5 per cent.) or anaes- 
thesin (1 : 20) may be added. Pencilling with boracic alcohol 
(1 : 20), or with an alcoholic solution of epicarin (1 : 20), or with a 
concentrated solution of picric acid, usually relieves the trouble- 
some itching. The entrance of Avater into the meatus Avhile 
Avashing or bathing is the cause of frequent relapses. 

2. Diffuse Inflammation of the External Auditory Canal. 

{Otitis Externa Diffusa.) 

There is no doubt that the pathogenic micro-organisms 
are mainly responsible in bringing about diffuse inflammation 
of the external meatus. This is also caused by the instillation 
or injection of irritating substances, or by the action of traumatic 
influences. The author has repeatedly seen an infectious, diffuse 
inflammation of a phlegmonous character folloAV excoriation of 
the cutis of the meatus. This form often shoAvs a desquamative 
character, a genuine purulent inflammation of the external 
meatus being seldom observed. 

Symptoms. — The symptoms of otitis externa diffusa are espec- 
iallj’- marked in the osseous meatus, and on the external surface 
of the membrana tympani. The inflammation begins AAuth 
marked hypertemia and painful swelling of the cutis, AAdiich is 
folloAved in a few daj’^s by a serous or Auscid exudation. The 
author has quite often obserA’-ed, especially during influenza 
epidemics, the formation of an exudate resembling a solid, trans- 
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parent, gelatinous plug. On examination, the constricted meatus 
and the external surface of the meml^rana tympani are found to be 
covered with a white layer of epidermis; this peels off during 
syringing, coming away as a cast of the canal. The author 
found on microscopic examination that these scales contained 
large numbers of micrococci, which demonstrates the bacterial 
nature of the affection. After the removal of this cast, the cutis 
of the meatus and the membrana tympani appear markedly 
reddened and swollen, the parts of the malleus are invisible, 
and the boundary between the membrane and auditory canal is 
obliterated. Sometimes the meatus is so constricted by a'diffuse 
swelling or a simultaneous follicular inflammation of its carti- 
laginous section that it is impossible to inspect the deeper parts. 

The subjective symptoms of otitis externa are violent, radiating 
pains which increase when pressure is applied in the region 'of 
the ear, and on movement of the jawj sometimes subjective 
noises and a feeling of tightness in the head are also complained of. 

The hearing is normal or slightly impaired. A high degree 
of deafness may he present only when the cutis of the membrana 
tympani is greatly swollen, when there is an accumulation of 
exudate and epidermic scales in front of the membrane, and in 
cases of secondary swelling in the middle ear. 

Course and Termination. — In some cases the crisis of the 
disease is reached on the third day; in others, the course is 
irregular, inasmuch as the symptoms of recession are alternated 
by repeated exacerbations, increased exudation, and desquama- 
tion of epidermic scales. Only when the secretion ceases and 
the meatus becomes dry can we assume that the inflammatory 
process has come to an end. 

This form of inflammation, as a rule, terminates in recovery, 
with complete restoration of the hearing. Still, subjective 
noises and deafness may remain for some time after the cessation 
of the inflammation. The author has seen, in rare eases, circum- 
scribed ulcerations and perforations of the membrana tympani 
develop after the acute stage had run its course, in addition to 
circumscribed ulcerations on the inferior wall of the osseous 
meatus with exposure of the bone, and the formation of granu- 
lations in the exposed area. 

Transition into the chronic form is rare. It generally runs its 
course without pain, often with intense itching, and sometimes 
with subjective noises and deafness. The discharge is seldom 
profuse; it is generally of a thick, offensive, greasy nature, and 
contains, in addition to epidermic and pus cells, many micrococci. 
After cleansing the meatus, the osseous section is found to be 
swollen, and one or more granulations the size of hemp-seeds are 
not infrequently seen on its posterior superior wall, and occasion- 
ally on the cloudy membrana tympani. Such growths may lead 
to the formation of bands of connective tissue by apposition and 
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ultimate adhesion. A fibrous polyp, filling the entire meatus, 
sometimes develops in the course of a chronic inflammation 
of the osseous section, after the removal of which the membrana 
tympani appears intact. As a rule, the secretion ceases com- 
pletely one to two days after the removal of such polypi, and 
the hearing returns to its normal state. A chronic desquamation 
occasionally remains. 

In the idiopathic form the author has, in rare cases, seen the 
inflammation terminate in hypertrophy of the cutis ; in periostitis 
and hyperostosis, with contraction of the meatus; in ulceration, 
caries, necrosis, and exfoliation of flat plates of bone from the 
walls of the meatus; in extension of the inflammation to the 
parotid, to the mastoid, the cranial cavity, or to the sigmoid sinus. 
These changes are more often observed in the syphilitic and trau- 
matic, and in those secondary inflammations of the meatus which 
arise in the course of chronic otitis media. 

Diagnosis. — The diagnosis of primary otitis externa can be 
made with certaihty only when the view of the walls of the 
meatus and the membrana tympani is uninterrupted, and when 
a middle-ear suppuration can positively be excluded. It is more 
difficult when the auditory canal is greatly constricted, and when 
there is a co-existing follicular inflammation, as this condition 
is often combined with diffuse swelling of the walls. In order 
to complete the diagnosis, the cast-off epidermic scales must 
be microscopically examined for micrococci or for the aspergillus 
fungus. 

Prognosis. — The prognosis of idiopathic otitis externa is 
favourable, as not only do the acute forms generally subside 
without after-effects, but even in those chronic cases in which 
granulations or large polypi have developed, cure takes place 
after their removal. The prognosis is less favourable in the 
traumatic inflammations, and in those caused by corrosion of 
the walls, as these lead to stricture and atresia of the meatus. 
A fatal termination through caries of the osseous meatus and 
extension of the process to the cranial cavity or lateral sinus is 
of rare occurrence. 

Treatment. — In the acute inflammations, as long as the 
reactive symptoms continue, the same palliative treatment is 
indicated as that which will be described in detail in the chapter 
on Acute Inflammations of the Middle Ear. In the idiopathic 
forms, when the inflammation is very severe, we must resort to 
antiphlogistics in the form of cold wet dressings and ice-bags. 
Local antiseptic treatment must be begun immediately with the 
commencement of marked secretion, and with the shedding of 
epidermic scales. After irrigating the ear it is almost always 
possible, in acute cases, to stop the secretion by frequently 
insufflating finely-powdered boracic acid into the meatus'. The 
latter medicament may also be first tried in chronic cases in which 
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the swelling is not severe, and in which there are no granulations 
in the auditory canal. If the boracic acid proves ineffectual after 
its application for several days, we should then use instillations 
of boracic alcohol (1 : 20), boracic glycerine, sublimate alcohol 
(0-05:60), or iodol alcohol (1 : 20). In obstinate cases, this 
method of treatment proves effectual only after repeated cauter- 
izations with strong solutions of silver nitrate or with the solid 
stick. The ear should be closed with sterilized cotton after each 
application. Where ulcers exist which, in spite of the most 
careful antiseptic treatment, show no tendency to heal, they 
should be cauterized several times with solid nitrate of silver, 
the parts being previously anaisthetized with powdered cocaine. 

We must still mention the desquamative inflammations of the meatus, 
■which mostly run a clrronic course, and lead to the formation of cholestea- 
'toma'tous masses in the auditorj' canal. Tlie molluscous tumours of Toynbee 
and the keratosis obturans of Wrcden (A. /. A. u. 0., vol. iii.) may he placed 
in this class. These cholestcatomatous masses of the external meatus are 
seldom the product of an acute otitis externa ending in an exuberant 
desquamation; they are more often the sequelre of a chronic desquamative 
process -which runs its course without sj'mptoms, and which, as the author 
has repeatedly seen, may lead to atroph}' of the cutis and absorption of the 
osseous walls. In a number of cases observed by the author at the pos{. 
morleni he found the meatus filled ■with a white, lustrous, cholesteatomatous 
mass which extended to the membrana tympani; this affection was bilateral 
in most cases, and there were no simultaneous clranges in the cavum t3rrapani. 
In the majority of specimens the lumen of the meatus was markedly enlarged, 
and either the posterior superior wall was hollowed out, or the anterior wall 
was thiimed or broken through with a large defect in the bone. 

3. Otitis Externa Heemorrhagica. 

This is characterized by a haemorrhagic effusion into the 
osseous, seldom into the Cartilaginous, meatus, and is accompanied 
by more or less well-marked reactive symptoms. It usually 
occurs in young persons without anj'- known cause, and com- 
mences with moderate pain, tinnitus, and slight deafness; 
it is commonly seen in influenza. Examination reveals one 
or more dark blue elongated swellings in the osseous meatus, 
which are situated on its inferior, more rarely on its posterior, 
wall ; these often extend to the posterior inferior segment of the 
membrana tympani, and to the cartilaginous meatus. Through 
their swelling they narrow the lumen of the canal to such an extent 
that it is impossible to view the drum. In such cases, we are 
dealing with a superficial inflammation of the cutis, in which the 
epidermis is raised to a considerable extent by the haemorrhagic 
exudate. Upon probing, the blue swellings feel very soft and 
rupture even under very slight pressure, whereupon a sanguineous 
fluid is discharged. According to the author’s observation, it 
occurs very often as a concomitant symptom of the acute otitis 
of influenza. 

■ The climax of this form of inflammation is usually passed on 
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the third day. The hfemorrhagic vesicles may remain for several 
days after the disapioearanee of the reactive symptoms, until their 
contents is discharged by spontaneous rupture or is absorbed. 
After the disappearance of the vesicles, others often appear in 
other parts of the meatus. This disease may be confounded only 
with-the haemorrhagic bullae produced traumatically by rarefac- 
tion of the air in the external meatus or with livid polypi. 

Termination. — Otitis externa haemorrhagica always ends in 
recovery; after eight to fourteen days the elevated epidermis of 
the meatus and of the membrana tympani is cast off in large 
scales, the diseased parts become covered with a delicate, dry, 
epidermic layer, and the hearing returns to its normal state. 

Treatment. — This consists in opening the vesicles and wiping 
out the secretion with sterilized gauze or cotton. Thereupon the 
auditory canal is insufflated with finely-powdered boracic acid, 
which is repeated until the powder remains perfectly dry for 
twenty-four hours. As a rule, it is necessary to apply the powder 
only three or four times. 

4. Croupous and Diphtheritic Inflammation of the External 

Auditory Canal, 

{Otitis Externa Grouposa et Diphtheritica.) 

Otitis externa crouposa is one of the rarest forms of disease 
of the external auditory canal. Mention is made of this form 
of inflammation by Wilde and other authors, who sometimes 
found the meatus and the membrana tympani covered with 
a layer of lymph similar to that observed in the trachea 
during croup. In a case of croupous exudation on the tonsils, 
Gottstein saw a croupous membrane firmly adherent to the 
posterior wall of the osseous meatus, after the removal of which 
the excoriated surface bled easily. Steinhof {Inaugural Disserta- 
tion, ISQG) reports thirty cases, andBezold eleven {Virchoio'sArchiv, 
vol. Ixx.). The fibrinous exudate is confined only to the osseous 
portion of the auditory canal, and to the external surface of the 
membrana tympani. It seldom occurs independently, but usually 
appears after an acute otitis media has run its course, or with 
furunculosis of the auditory canal. The fibrinous membranes 
form within one to two days, and maj'- be loosened from the under- 
lying tissue by moderately strong injections; they come away 
as solid, firm casts of the osseous meatus and of the membrana 
tjunpani, and in appearance are not unlike cooked bacon. 
According to Steinbnigge, the exudate is composed of a fibrous 
network infiltrated with round cells, nuclei, and epithelium. 
Guranowski {M.f. 0., 1888) described a case in which he isolated 
the bacillus of green pus from the membranes; Lowenberg suc- 
ceeded in isolating the Streptococcus pyogenes, and Weichselbaum 
the Staphylococcus pyogenes alhu^. 
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The inflammation usually affects healthy individuals, and 
develops with moderate pain; this becomes more severe with 
the commencement of the fibrinous exudation, and usually sub- 
sides when the membrane is cast off. The exudation may recur 
repeatedly; still, cure almost always takes place without any 
other complication and with complete restoration of the hearing. 

Prognosis. — The prognosis of this form of inflammation is 
favourable, as recovery usually takes place within a few days 
without any unpleasant sequelae. Termination in gangrene of 
the cartilaginous meatus has been observed, but is fortunately 
rare. 

Treatment. — This consists in the removal of the croupous 
membrane by means of antiseptic injections or with the forceps, 
and of dusting the parts with powdered boracic acid. 

Otitis externa diphtheritica, usually combined with diphtheria 
of the auricle, seldom appears primarily, but is generally com- 
plicated with diphtheria of the pharynx and of the middle ear. 
According to Moss, Wreden, and Kraussold, primary diphtheria 
of the meatus develops during an epidemic of diphtheria on 
the excoriated parts of the auditory canal from an already 
existing otitis externa. Blau reports a case in which he saw 
a diphtheria of the pharynx develop from a primary croupous 
inflammation of the external meatus. 

In primary as well as in those diphtheritic inflammations of 
the meatus complicated with diphtheria of the middle ear, the 
walls of the auditory canal appear covered with a dirty grayish- 
white exudate, which cannot be removed by syringing or with 
the forceps. After the exudate has been forcibly loosened by 
means of the probe, the wall of the meatus appears excoriated, 
ulcerated, and bleeding. Even the slightest touch on _ the 
ulcerated parts is extremely painful. The meatus is sometimes 
so narrowed that it is possible to inspect its deeper portions only 
after removal of the membranous deposit. The region surround- 
ing the ear is red and swollen, and the lateral cervical glands, as 
well as the lymphatic glands behind the ear, are likewise affected. 
The primary form of this inflammation, which begins with 
moderate secretion, is accompanied by fever, severe pain, feeling 
of fulness, tinnitus, and deafness; on the other hand, that form 
of inflammation associated with diphtheria of the middle ear runs 
its course almost without pain, and is accompanied by ansesthesia 
of the region of the ear. 

Course. — Diphtheritic inflammation of the meatus has an 
uncertain course. Sometimes the exudate is rapidly thrown 
off, but often, however, it remains adherent for a long time; or 
repeated exudations take place either on the parts already affected 
or on other portions of the meatus. In a case of diphtheria of 
the middle ear and meatus described by Blau, the affection 
extended to the auricle, giving rise to deep cutaneous ulcers. 
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Termination. — Diphtheritic inflammation of the meatus 
terminates without any permanent changes if the seat of the 
exudation is superficial; if, on the other hand, the affection is 
deeply seated the cutis ulcerates, and the ulcers, which remain 
for some time and are easily made to bleed, finally heal by 
cicatrization, with narrowing and adhesion of the walls of the 
meatus. 

Diagnosis. — The diagnosis of this inflammation can be estab- 
lished with certainty only by the microscopic examination and 
culture of the peculiar adherent membrane, and if, after its 
removal, an ulcerated, bleeding surface is exposed. The diagnosis 
can be made with more certainty if an epidemic of diphtheria is 
prevalent, and if there is a simultaneous suppuration of the middle 
ear with a naso-pharyngeal diphtheria. The white exudate 
which is seen in children, and which occurs during the course of 
an acute scarlatinal suppuration of the middle ear, must not be 
confounded with diphtheria of the meatus; such an exudate is 
due to maceration of the epidermis, and extends to the external 
orifice of the ear. It differs from diphtheria in that it is easily 
peeled off in large flakes. To verify the diagnosis it is important 
to make a culture of the adherent membrane for the presence of 
diphtheritic bacilli. 

Prognosis. — The prognosis of primary diphtheria, if confined 
to the meatus, is, on the whole, favourable. It is unfavourable, 
however, if complicated with diphtheria of the pharynx and 
middle ear, inasmuch as a high degree of deafness generally 
remains; this is due to the simultaneous extensive destruction 
of the membrana tympani, to the frequent exfoliation of the 
ossicles, to the consecutive caries, and to the occasional occur- 
rence of a labyrinthine affection. 

Treatment. — The treatment of otitis externa diphtheritica is 
strictly antiseptic. If the case has been proven to be a true 
diphtheria from cultures made from the membrane in the ear, 
it is advisable to give diphtheria antitoxin, just as in a diphtheria 
of the nose and throat. In the primary forms it is advisable 
to fill the meatus with lime-water from time to time, in order to 
favour the loosening and separation of the diphtheritic membrane. 
After the fluid has been allowed to remain fifteen to twentj'’ 
minutes, the meatus should be syringed with a weak solution of 
boracic acid, and then dusted with finely-powdered boracic acid 
or iodoform. If, after this treatment, the membrane is repeatedly 
formed, the affected parts should be touched with carbo- 
glycerine (1 : 15) or carbolic alcohol (1 :20); in addition, the 
meatus should be filled several times a day with an alcoholic 
solution of boracic acid (1 : 10), or with a weak solution of 
salicylic alcohol (1 : 100), or of bichloride alcohol (0-05 : 50-0). 
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5. Parasitic Inflammation of the External Auditory Canal 
(IVlycosis of the External Meatus). 

{Otomycosis [Virchoio'] — Myringomycosis aspergillina [Wreden].) 

A few cases of fungus in tlio car had already been observed by Mayer,* 
Pacini, t and Karl Cramer.J The attention of otologists was drawn to otitis 
externa parasitica by a short paper of Schwartze {A. /. 0., iii.), and especially 
by an exhaustive work of Wreden (^Monograph, 1868). The pathology of 
otomycosis has been furthered by the valuable contributions of Bkke, 
J . Patterson-Cassels, Hasscnstein, Hagen, Bczold, Steudener, Lbwenberg, 
Wagenhiiuser, and Sicbeiunann. 

The most common fungi met with in the car belong to the species Asper- 
gillus niger (van Tighem), fla-Nuis (Brefeld), and fumigatus (Presenius). The 
following are more rarely seen: The VcsticiUium Graphii (Trichothecium 
roseum), observed by Steudener; a fungus with grass-green conidia (Otomyces 
Hageni), described by Hagen; the Aspergillus nidulans; the Ascophora elegans 
of von Troltsch; the Mucor corymbifer of Lichtheim, first observed in the 



a, Jlycelium covered vdth numcrou.s fallen spores; h, Hypha; c, Sporangium, with 
ripe spores; V, Hypha; d, Eeccptaculum ; e, Sterigmata vdth spores.^ 

auditory canal by Wagenhauser; the Eurotium malignum of Lindt and 
Siebenmann; the Mucor septatus and the Penicillium minimum. 

Examination of the fungous mass removed from the ear reveals a felt-like, 
stratified, mycelial structure, intermixed with cast-off epidermis, from which 
small, cylindrical stallrs (hyphoe. Fig. 96, b, b') arise, the walls of which are 
rather thick; these stallrs support the head of the fungus (sporangium or. fruit- 
capsule, c). The latter consists of a central vesicular enlargement (d), (recep- 
taculum), from which long cells radiate (sterigmata, e), and having round 
conidia or spores at their free extremity. 

The colour of the various forms of fungi depends partly on that of the 
conidia. They are blackish-bro-svn in the Aspergillus niger, yellowish or 
greenish in the Aspergillus flavus and in the Aspergillus glaucus, and ^ayish- 
black in the Aspergillus fumigatus. According to Burnett, the fructification 
heads are smaller and narrower in the Aspergillus glaucus than in the Asper- 

* Midler’s Arch. f. Anat., etc., 1844:. t Firenze, 1851. 

X Viertdjahrsschr. d. naturf. Gcs., in Zurich, 1859 and 1860. 
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gillus niger; the Aspergillus fumigatus possesses the smallest sporangium, 
which, according to Bezold, more rarely occasions inflammations in the car 
than the other species. The Mucor corymbifer is distinguished by the umbel- 
shaped arrangement of the sporangium-bearers, the small, colourless, pear- 
shaped heads, the brownish, twisted columellre, and the very small, colourless, 
elongated spores. 

Etiology .-7-Tlie spores which enter the meatus from without 
can, under favourable circumstances, germinate and rapidly 
increase. If all the conditions are favourable for their growth, 
they can develop all the more easily in the meatus, as here they 
are protected from every mechanical influence. The growth of 
the fungus is most often accelerated by the instillation of oily 
substances, which, like all fats, form a very nutritive soil for 
their development. Eungi are often developed in the ears of 
persons residing in damp, mouldy localities. The source of 
infection of otomycosis is very often unknown. 

Occurrence. — Otomycosis, running its course with reactive 
phenomena, usually occurs in middle-aged adults, seldom in 
children or old people, and is more common among the poor than 
among the rich. The frequent development of fungi in indi- 
viduals affected with middle- ear catarrh certainly depends on the 
frequent instillations of easily decomposing substances into the 
meatus. In chronic suppurations of the middle ear, fungous 
growths often develop on moist scabs, without causing any 
inflammatory phenomena. Burnett and Bezold have seen cases 
in which the fungus extended into the tympanic cavity. In one 
of the author’s specimens, the mycelia could be seen to penetrate 
the tissue of the membrana tympani. In a case observed by 
Haug {Ziegler’s Beitrdge zur pathologischen Anatomie, etc., xvi., 
1894), in which the mastoid process was opened, the cell-spaces 
contained fungi which had forced their way in from without. 

Symptoms. — Fungi in the auditory canal may exist without 
any symptoms, even if they extend over a great part of the 
meatus and of the membrana tympani; this is especially the 
case if the fungus has its seat only in the epidermis. ^^Tien, 
however, the vegetations penetrate the rete Malpiglm, that 
peculiar form -of inflammation is developed which is known as 
otitis externa parasitica. In two cases of aspergillus observed by 
the author, which ran their course without symptoms, a severe 
mycotic inflammation arose after a slight abrasion of the meatus. 

The subjective symptoms of otitis externa parasitica are 
severe itching and shooting pains. The latter often become 
violent, and radiate towards the head and neck. In addition to 
these, we find, in the majority of cases, tinnitus and deafness. 

If we examine the auditory canal in a case of Aspergillus 
niger, we find the membrana tympani. and especially- the osseous 
meatus, covered with a velvety membrane marked with black 
spots or uniformly black, and having the appearance as if it 
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had been sprinkled with fine coal-dust. On syringing, this mem- 
brane is washed out in large threads of considerable thickness, 
on the surface of which the characteristic black spots (sporan- 
gium) are visible, even to the naked eye. These spots are some- 
times scattered, sometimes closely packed. The surface of the 
membrane lying in contact with the osseous wall is of a whitish 
or dirty-gray colour. According to Lowenberg, small cysts may 
form on the epidermis, on the inner surface of which the fungi are 
seated; these may rest against the membrana tympani and become 
infiltrated with mycelia. In cases of Aspergillus flavus, the epi- 
dermis, invaded with mycelia, appears covered with a yello^Yish 
mass of dust, similar to powdered lycopodium. 

After removal of such membranes from the meatus, the lining 
membrane of the osseous section and of the membrana tympani 
appears very red, swollen, and in great part devoid of its 
epidermic layer. We see only here and there solitary, irregular 
patches of epidermis penetrated by spores. Where the fungus 
develops without inflammation of the walls of the meatus, the 
black or yellow growth is seen extending over a portion of the 
osseous meatus. In such cases, the hypha3 and sporangia are 
visible even to the naked eye, or with the aid of a weak lens. 

Course and Termination. — The course of otitis externa 
parasitica depends on the extent of the growth, and whether 
treatment is begun early or late. When the affection is allowed 
to run its course, or is treated by a physician who does not know 
its nature, the inflammation may continue for several weeks with 
only a slight change, or may even lead to a perforation of the 
membrana tympani. Notwithstanding the fact that the parasitic 
growths remain in the ear, the inflammation sometimes ceases 
completely, only to reappear wnth renewed vigour at intervals of 
wmeks or months. On examining such cases, Yve often find the 
meatus completely filled with closely-packed fungous membranes. 

Immediately after syringing out the membrane there is, in the 
inflammatory stage, a diminution in the pain and subjective 
noises, and cure rapidly ensues if the proper treatment is em- 
ployed. If, however, after the removal of such membranes no 
antiparasitic remedy is used, we often find, even on the following 
day, the meatus covered with a thick membrane similar to that 
already removed, and a continuation of the reactive symptoms. 
Eelapses may thus rapidly occur, until the fungus is either cast 
off spontaneously or cure takes place through treatment. 

Diagnosis. — The diagnosis of this affection presents no diffi- 
culty if marked symptoms of an otitis externa are present, and 
if the examination with the speculum shows the characteristic 
objective symptoms described above. Sometimes, however, 
blackish- brown epidermic scales are syringed out of the eai, 
which may be mistaken for fungous membranes. This colour is 
due to the accumulation of dust, coal-dust, or finely-powdere 
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vegetable debris. In every case, therefore, a microscopic exami- 
nation is indispensable in order to establish the diagnosis. 

Prognosis. — This is always favourable, as a rapid cure is 
effected by the use of parasiticides; even after perforation of the 
membrana tympani, cicatrization of the aperture takes place in 
a short time. The prognosis is not so favourable, however, in 
jiersons who dwell in damp, mouldy localities, as in such cases 
there is always a possibilit}'’ of a recurrence of the inflammation. 
The author has, however, seen frequent relapses in persons 
whose conditions of life were most favourable, and where the 
cause of the recurrence could not be accounted for. 

Treatment. — Alcohol, recommended by Hassenstein and 
Kiichenmeister, has proved most serviceable in the removal of 
fungous growths. After the greater part of these membranes 
has been removed by syringing, the meatus is filled with slightly 
warmed alcohol, which is allowed to remain for at least a quarter 
of an hour. This procedure should be repeated twice a day at 
the beginning of treatment. As a rule, the alcohol is well borne. 
When it causes a severe burning, it is advisable to dilute it with 
distilled water, and gradually to increase its strength until the 
patient is able to stand the full strength. In very obstinate 
cases, the author has seen a rapid cure follow the instillations 
of an alcoholic solution of bichloride (0-05-0 1 : 50-0). 

The treatment generally responds so rapidly that, even after 
two days, no sign of the fungous growth is visilfle in the meatus. 
The lining membrane of the auditory canal and of the membrana 
tympani appears covered with a dry, delicate layer of epidermis ; 
the pain, tinnitus, and deafness disappear; and, after three to 
four days’ treatment, the cure is almost complete. 

Eelapses are best prevented by allowing the patient to continue 
the instillations of the alcohol from time to time; this should be 
carried out at least once every four weeks. 

Besides alcohol, other remedies have been recommended for the destruction 
of the fungi. The following are the most effective: Powdered boracic acid 
alone, or in the form of an alcoholic solution (1 : 20); permanganate of potas- 
sium in 0-C per cent, solution (v. Troltsch, Schwartze, Hagen); carbolic acid 
{3'0 : 100-0 oil or glj^cerine, Lucac); alcoholic solution of salicylic acid (2 per 
cent., Bczold); pyoktaniir powder (Rohrer); and, finally, hyposulphite of soda 
(0-2 : 30-0, Blake, Burnett). 

Wc must still mention a rare form of mycosis known as pit 3 Tiasis alba, and 
described by Ladreit dc Lacharrierc {Annal. des vial, de Voreille, etc., 1875). 
It occurs in combination with pitjwiasis capitis between the ages of fortj' and 
fifty. After removal of the small scales, which under the microscope show the 
characteristic fungous spores, the cutis of the meatus appears thick and red. 
This form of mycosis is not to be confounded with seborrhoea of the external 
auditorj’ canal. In the latter disease there is also a j'eUowish-graj' secretion, 
mixed with fatty scales, without any noticeable changes in the cutis. The 
treatment of pitjTiasis alba consists in the extraction of the stiff hairs, and 
in painting the meatus with a 0-5 per cent, solution of corrosive sublimate. 
Albesby described two cases of pitjwiasis. Kirchner observed a transmission 
of pitjTiasis vcisicolor from the breast and neck to the external meatus, where 

14 
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it produced only a troublesome itching. Lang saAv ‘dermatomycosis favosa 
and circinata on the auricle. The former cannot very well "be mistaken, 
while the latter, however, may be confounded with an annular syphilide if 
combined with a similar affection of the neck. Bamick has ■written on the 
subject of ecthyma of the auricle. The author has repeatedly observed eases 
of psoriasis of the auricle accompanying a similar affection of the whole body. 

C. Eczema of the External Ear. 

Eczema of the external ear occurs either as a primary affection 
or combined with eczema on other parts of the body. Its course 
is either acute or chronic. 

Acute Eczema. — This affection may he localized either on the 
auricle or in the external auditory canal, or it may involve the 
whole external ear. It begins with great redness and swelling of 
the skin, which is soon followed by the formation of numerous 
closely-clustered vesicles containing a serous fluid (eczema 
vesiculosum). The eruption is mostly found on the posterior 
surface of the auricle and on the lobule; the entire auricle is 
seldom affected. The vesicles are rarely visible in the auditory 
canal and on the drum membrane, on account of their early 
destruction. 

After rupture of these vesicles, moist surfaces, denuded of 
epidermis, are seen on the auricle and in the meatus. In a 
few days these become covered with a light yellow crust (eczeina 
crustosum), under which the exudation of a serous or viscid 
fluid still continues. Pustules the size of a bean are sometimes 
formed, accompanied by marked inflammatory phenomena. 
When these burst, thick crusts are formed under which the 
purulent secretion is confined (eczema impetiginosum)._ Accord- 
ing to Kohrer, the serous secretion contains diplococci, while in 
the purulent discharge which arises later there are a large number 
of staphylococci and bacilli. 

Etiology. — Acute eczema develops either as a primary affec- 
tion or as part of an eczema of the face. It may arise without 
any known cause, or in consequence of external conditions, such as 
cold baths and douches, heat (eczema solare), warm fomentations, 
or the application of irritating remedies (chloroform, rancid fats 
and oils, mercurial ointments, mustard poultices, iodoform, etc.). 
One of the artificial forms of this disease is that circumscribed 
eczema which occurs on the superior surface of the crista helicis. 
It usually appears symmetrically on both ears and in persons 
who sleep on hard pillows. Occasionally it comes _ on as a 
sequela of sehorrhoea and coincident with pediculosis capitis. 
Acute eczema very often arises in the course of an acute or chronic 
otorrhoea. This is brought about by the irritating secretion, and 
is especially observed in children and in those individuals whose 
skin is delicate and easily irritated. As a rule, individuals of a 
scrofulous dyscrasia and those affected with rickets are especially 
predisposed to eczema. 
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Symptoms. — The acute form bcgius with a feeling of heal, 
burning, and itching, -winch is followed hy great pain after the 
appearance of the vesicles. In children, more rarely in adults, 
the disease is accompanied hy slight pyrexia, "restlessness, and 
sleeplessness. 

The hearing is normal in those cases in which the eczema is 
limited to the auricle. If the auditory canal is affected, a 
mechanical disturbance of hearing, which is often combined with 
tinnitus, is brought about owing to the swelling of the lining 
membrane of the canal, and to the accumulation of desquamated 
epidermis, exudate, and crusts. 

Course. — Acute eczema generally runs a typical course. In 
the milder forms of the disease, the vesicles quickly dry up on 
the second or third day, whereupon desquamation of the epidermis 
takes place, and recovery ensues. More frequently, however, after 
rupture of these vesicles, there is an abundant discharge of clear 
secretion, which abates after several days, and the exposed parts 
become covered with light or brownish-yellow crusts. Under 
normal circumstances, when the exudation has ceased, a new 
layer of epidermis forms beneath the crust, which, after the 
latter has been thrown off, soon assumes its natural appearance. 
Sometimes, however, the exudation of a clear or purulent fluid 
beneath the crust continues for several weeks until a new epidermic 
layer has formed. After a cure has taken place, the skin at the 
affected part remains liyperaBinic for a long time. 

Terminations. — Acute eczema generally ends in recovery. 
This often takes place in a few days, but not infrequently only 
after several weeks. It sometimes heals at different parts of the 
auricle or meatus, while a new eruption breaks out at others. 
Ilepeated relapses, brought about by a continuance of the cause, 
hy general illness, or by an extensive eczema on other parts of 
the bod}’-, occasion deep tissue-changes in the cutis, and favour 
the transition of the acute into the chronic form. 


On the border between the acute and chronic eczema of the external car is 
that subacute form of eczema crustosum and impetiginosum which is very 
often met with in young children, and is associated with an extensive subacute 
eczema of the head and face, or is the sequel of pediculosis capitis. It affects 
tlic retro-auricular niche on the posterior surface of the auricle, and the depres- 
sions and concavities of the concha. This form of eczema is especially 
characterized by a profuse production of adlierent crusts and scales, wliich 
arc situated \ipon an intensely congested and inflamed base. The intense 
itching, the excessive feeling of heat, and the intolerable tension induce the 
children to rub and scratch the ear, Avhereby painful abrasions are produced 
on the posterior surface of the auricle, which not infrequently bleed very 
freely. On the other hand, the absorption of the pus confincci under these 
adherent crusts frequently leads to an extensive dermatitis, which is accom- 
panied by fever. This condition, furthermore, often induces inflanunation 
and suppuration of the retro-auricular and cenncal hunpliatic glands. If the 
proper treatment is employed, it is abnost always possible quickly’ to subdue 
this vciy painful affection, and to prevent its transition into the chronic form. 
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Chronic Eczema. — This affection is differentiated from the 
acute form by the deeper tissue-changes iii the cutis. While in 
the acute eczema the inflammation is chiefly confined to the 
superficial layers of the cutis, in the chronic form we find a 
hypertroiDhy of the subcutaneous connective tissue. Such a 
condition leads to a thickening, enlargement, and rigidity of the 
auricle, causing it to protrude from the occiput, and to a narrowing 
of the cartilaginous meatus. The secretion and crust-formation 
are mainly confined to the depressions of the auricle, and to the 
posterior auricular groove; on the remaining parts of the auricle 
there is an abundant desquamation. 

Chronic eczema of the auricle and external auditory canal 
most frequently appears in the crusty or scaly form; still, the 
two forms maj’- be combined. The crusty form is characterized 
by the formation of large scabs, under which there is an exudation 
of serous or purulent fluid. On the whole, it presents, therefore, 
the same phenomena as the acute eczema in the stage of scab- 
formation. 

The scaly form is distinguished by a hyperaemia and hyper- 
trophy of the cutis, associated -svith a continuous desquamation. 
This affection is often associated with eczema of the scalp, and 
is only rarely confined to the auricle or external meatus. _ Squa- 
mous eczema may arise from the chronic, moist form; it more 
often occurs, however, as a scaly eczema, without any preceding 
serous exudation of the cutis. In the milder cases the desqua- 
mation is very slight, and is confined to a few ' depressions of 
the auricle or to the parts surrounding the externa;! auditory 
orifice. In the more severe cases, however, the affection spreads 
not only over the auricle and its surrounding parts, but over the 
entire auditory canal and external surface of the membrana 
tympani. We also find that in these cases the auricle is enlarged 
owing to great infiltration of the cutis, and that the canal is 
narrowed. We furthermore meet with ragged, slightly secreting 
fissures of the skin, which are situated mainly in the depres- 
sions of the auricle, at its superior and -posterior place of 
attachment, and at the superior periphery of the external 
auditory orifice; such fissures do not, as a rule, yield easily to 
treatment. ' 

Symptoms. — A troublesome itching is the most constant 
symptom of chronic eczema. It causes the patient to scratch 
the meatus with hard bodies, thereby producing a painful, intei^ 
current inflammation of the canal. Subjective noises are induced 
either by the meatus becoming plugged with desquamated scales 
or by a consecutive hypereemia in the middle ear and in the 
labyrinth. In like manner, disturbances of hearing may arise 
from a simultaneous swelling of the mucous membrane of the 
tympanic cavity and of the Eustachian tube, without any 
mechanical obstruction in the auditory canal. 
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Course and Termination. — These vary according to the 
severity of the affection. The milder forms, ■which are confined 
only to the ear, may recover spontaneously, or disappear after a 
short course of treatment; the severer forms rarely recede spon- 
taneously, and are very obstinate to treatment. Even in those 
cases in which apparent recovery takes place, a relapse so'oner 
or later ensues. Painful follicular inflammations of the external 
auditory canal are sometimes intercurrent. 

A rare termination, of clironio eczema, especially of the crusty form, is in 
a true elephantiasis of the auricle (pachydermia). Where there is a large 
increase of connective tissue in the layers of the skin, an extensive lymph 
stasis occurs in the network of the cutis, which gives it a peculiar soft, doughy 
feeling. Slight mechanical injuries are sufficient in these cases to cause the 
thickened skin to break open, and frequent relapses are thereby brought about. 

' Diagnosis. — This is made from the objective symptoms 
mentioned above. According to Auspitz, chronic eczema may 
be confounded only with a disease which is of rare occurrence, 
and that is sehorrhoea of the external meatus. Such a mistake 
can be avoided if we take into consideration the absence of red- 
ness and infiltration of the skin in the latter affection. 

Prognosis. — Only in the milder forms is the prognosis of 
chronic eczema favourable as regards the recurrence of exudation 
or desquamation. On the other hand, it is less favourable in the 
diffuse cases, complicated with eczema of the scalp or other parts 
of the body, or if combined with hypertrophy of the cutis. 

Treatment. — In the treatment of eczema, we must take into 
consideration the cause of the disease, and the stage in which it 
is seen. Although cases of acute eczema often heal spon- 
taneously, it is nevertheless important, in the acute stage, to 
avoid such injurious irritations, which keep up the exudation and 
prevent the formation of new epidermis. The patient must 
therefore be forbidden to wash the eczematous parts with water 
or to syringe the ear, and must furthermore be instructed to 
protect the inflamed and moistened parts of the skin, or those laid 
bare by the bursting of the vesicles, from the action of the air, by 
covering them with unguentum emolliens or vaseline. Moist 
surfaces on the auricle are best covered with some antiseptic 
powder; this method of treatment is especially applicable for 
eczema intertrigo, which frequently occurs behind the ears of 
children. Calomel is recommended by Eohrer as very efficacious 
in the acute as well as in the moist forms of chronic eczema. 
Powders, however, are unsuitable for acute eczema of the meatus, 
as the passage rapidly becomes obstructed. Eczema of children 
is also treated by a combined treatment of zinc oxide plus oil and 
Goulard’s lotion. The sore, reddened parts are first carefully’ 
washed with small cotton pledgets dipped in Goulard’s lotion; 
they are then dried, care being taken to avoid rubbing, and are 
covered with a thick layer of a salve made of zinc oxide and olive 
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oil in the proi^ortion of 1 : 2. Dusting with powder is superfluous. 
This procedure is to he repeated at least three times a day. Cold 
aj)plications of a solution of acetate of lead, or Burow’s solution 
(diluted four times), or a 2 per cent, resorcin solution, are only 
indicated in the stage of vesication when there are extensive and 
painful eruptions. Ichthyol, which has lately been recommended, 
has also proved useful in many cases when applied in its crude 
form in an aqueous or alcoholic solution (1-0 ; 50-0), or in the 
form of a salve (1 : 10). A salve of ung. hydrarg. prsecip. 3ii. 
and ung. zinc. oxid. ad q.s. gi. has proved most beneficial in 
most forms of eczema, 

A useful vehicle for the external application of ichlhj’’ol is fihnogen (Schiff) 
The eczematous parts arc pencilled three times a day with a 10 per cent, 
ichthyol-filmogen solution^ this should not be done until a new layer of epi- 
dermis has formed, and until the inflammatoty phenomena have disappeared. 
Filmogen forms a protective skin over the diseased parts. 

If the patient is seen in the stage of scab-formation, the crusts 
must first be removed in order to facilitate the action of the 
remedies employed. The scabs are best softened by the free 
application of vaseline, codrliver oil, sweet oil, balsam of Peru, 
or some soothing ointment*, whereupon the softened masses may 
be easily removed on the folloAving day with a brush or forceps. 
The application of Burow’s solution in the above-mentioned 
strength is a most excellent remedy, because it possesses the 
peculiar property of quickly macerating and loosening even the 
most adherent crusts. 

After removal of the crusts, and without further irritation to 
the exposed parts, the auricle and its depressions are anointed 
with a medicated salve. The following are the most serviceable; 
Hebra’s diachylon ointment (prepared with olive-oil) ; unguentum 
vaselin. plumb, (empl. diachyl. c. vaselin., pur., ana part, asqual.); 
unguentum acidi borici (1:15 vaselin.) ; unguentum oxid. zinc. 
(1 : 30) ; Lassar’s paste (zinc, oxid., amyli oriz®., ana 25-0, 
acidi salicylici 1-0, vaselin. 50-0); ung. hydrarg. pr®cip. 3ii- to 
ung. zinc. oxid. gi. In the external auditory canal, it is best to 
use small pledgets of cottoir impregnated with the ointment. 
These, as well as the dressing on the auricle, must be changed every 
twenty-four hours ; the ointment, mixed with the exudate, should 
not be washed off, but carefully removed with cotton dipped in oil, 
albolene, or liquid vaseline. Janovsky recommends the iirtro- 
duction of small mull pledgets covered with zinc ichthyol or 
zinc oxidthymol salve. Before their introduction the ineatus 
should be pencilled with a 5 per cent, solution of’silver nitrate. 
Salicylic soap plaster (acid, salic. 1 to empl. saponat, 10), intro- 
duced into dermatology by Pick, has also proved of value in the 
treatment of the crusty, impetiginous, and scaly forms of eczema. 
The same remark applies to the already mentioned Beiersdorff- 
Unna’s mull salve (zinc, boracic, and salicylic acid), the skin 



THE TREATMENT OF CHRONIC ECZEMA 


215 


preparations recommended by Hebra, jnn., and the medicated 
tragacantha gelatines, especially the combined zinc and boracic 
acid gelatine. The latter is used in a 5 to 10 per cent, mixture 
once or twice a day. The medicated gelatine, without previous 
warming, is applied to the diseased parts, where it hardens and 
forms a protective covering. Pencilling with a 1 to 3 per cent, 
solution of silver nitrate, as recommended by Wilde and Knapp 
in the scaly form of eczema, is useful only in obstinate cases. 

After the crusts have been cast oif, the newly-formed epidermis 
is tender, its power of resistance is lessened, and the cutis 
remains liypertemic for a long time. All irritation, therefore, 
which might destroy the epithelium and increase the hypersemia 
of the cutis, as frequent washing and rubbing of the skin, as well 
as syringing of the meatus, must be avoided. Hence, we confine 
ourselves for several weeks to the application of a thin layer of 
lanoline, vaseline, cold cream, or Lassar’s paste to the affected 
.parts. 

The treatment of squamous eczema is regulated by the intensity 
of the desquamation and by the amount of infiltration of the skin. 
In the milder forms of eczema squamosa of the auricle, repeated 
paintings with tinctura rusci, carbolic alcohol (1 : 30), an alcoholic 
solution of boracic acid (1 : 20), or frequent cleansing with tar- 
or soft-soap (Auspitz), are sufficient to effect a cure. Unna 
recommends unguentum resorcin, compos, (resorcini, ichthyol, 
ana 5-0; acid, salioyl., 3-0; vaselini, 100-0); furthermore, tar- 
casein varnish to cover the crusts, or the pencilling with tumenol 
tincture (tumenoli, 5-0 ; a3th. sulph., spirit, vini rectif., glycerin., 
ana 15-0). Ehrmann recommends a paste of anthrasol, which is 
better than tar, for the reason that it has no colour* (anthrasoli, 
2-0; lanolini, vaselini, ana 15-0; amyli, oxidi zinci, ana 10-0). 
Also lanigallol, a triacetate of pyrogallol, which serves as the 
base of Lassar’s paste, has often given good results in a 1 to 2 
per cent, mixture in cases of dry eczema which are not too 
chronic. On the other hand, the severer forms associated with 
marked thickening of the epidermis and infiltration of the cutis 
prove very obstinate to treatment. If the epidermis is thickened 
and indurated, it must be softened by the daily application of a 
10 to 15 per cent, salicylic soap plaster, or with fomentations of 
Burow’s solution. Those parts which prove obstinate to the 
treatment must be thoroughly washed with tinctura saponis 
viridis, in order to remove the thickened epidermis. Applications 
of prepared pyrogallic or chrysarobin plasters have a good effect; 
these should be applied for two to three days, and only at night. 
The use of simple or salicylated gutta-percha plasters, as recom- 
mended by Unna, has proved very efficacious; these plasters, 
which adhere well and can be adapted to the form of the auricle, 

* Anthrasol is made from tar by the removal of the resinous and colour 
material. 
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have a powerful macerating and softening effect. We are some- 
times able by this method alone to heal a chronic scaly eczema; 
at any rate, after this treatment has been used for one or two 
weeks, there is a marked diminution in the rigidity and in the 
tendency to cracking of the skin, and the fissures and clefts on 
the auricle are covered with new epidermis. If, after this time, 
the skin is not perfectly smooth, recourse may be had to treatment 
with the tar preparations. The manner of procedure consists in 
repeatedly painting the reddened parts -with oleum rusci or cadini 
by means of a stifi brush, and then applying starch. If the skin 
becomes smoother, more flexible, and paler after the repeated 
application of the tar, -we can resort to the following: Tar salve 
(oleum fagi, 10-0; glycerine, 5-0; unguentum emolliens, 40-0), 
painting with oleum cadini and glycerine (1 : 25), sulphur oint- 
ment (flor. sulph., oleum cadini, liquor styrac., ana 10-0; un- 
guentum diachyl. s. ol. amygdal., ana 15-0), resorcin ointment 
(1 : 10), iDju'ogallic ointment (1 : 10), chinosol paste (chinosol, 
5-0; zinci oxid., amjdi, ana 25-0; vaselini, 50-0), ichthyol 
ointment (1:10 lanoline), carbolic ointment (1 : 40), w^hite or ' 
yellow' precipitate ointment, and Wilson’s ointment (resin benzoes 
pulv., 5-0 ; Axungia porci, 150-0; colat. adde oxid. zinci, 25-0). 

In the case of a dry, seborrhoeic eczema, w'hich is alw'ays accom- 
panied w'ith hardness of the skin, resorcin sulphur ointment is 
often very serviceable (sulph. sublim., resorcini, ana 0-5 to TO; 
vaselin. fiavi, 15-0). Sometimes the one, sometimes the other of 
these remedies proves effective. 

For squamous eczema of the external auditory canal, painting 
the parts with a concentrated solution of silver nitrate has proved 
most effective to the author. After the scales have been removed 
from the walls of the meatus by means of a dry pledget of cotton, 
a 10 to 20 per cent, solution is applied with a brush or ball of 
absorbent cotton. The scabs fall off in a day or tw'o in the form 
of browmish-black, dry scales, leaving the cutis smooth and pale. 

In the milder cases the cutis regains its normal aiipearance even 
after tw'o or three applications. In the severer forms, combined 
with great narrowdng of the cartilaginous meatus, the applications 
must be repeated more often (eight to ten times) in order to 
allay the swelling of the cutis. Veiel uses tar in the form of 
tar-spirit (1 : 10), to which some pyrogallol may be added 
(Leistikow). Fissures at the external auditory orifice are first 
treated with Lassar’s paste or salicylic soap plaster, and 
only when these fail, with a 10 to 20 per cent, solution of 
silver nitrate. 

In order to prevent relapses, it is necessary, after the caustic 
treatment, to anoint the cutis of the cartilaginous meatus twace 
a week with a thin layer of white precipitate ointment, or with 
a w'eak ointment of oleum cadini (1 : 40 vaseline), or with an 
ointment of flor. zinci, 2-0 ; resorcini, 0-5 ; ansesthesini, 1 -0 ; vasehni, 
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lanolini, ana 15-0. By this means the troublesome itching which 
often remains is most surely relieved. 

When the eczema is cured, the accompanying disturbances of 
hearing and subjective noises often disappear. This, however, 
is not always the case. 

The internal treatment of eczema of the ealr is often important, 
as a proper systemic treatment frequently has a most beneficial 
influence upon the course of the local lesion. This is particularly 
true in ansemic and scrofulous individuals, especially in children, 
in whom the course of chronic eczema is often decidedly 
shortened by the internal administration of cod-liver oil, iron 
preparations, iodide of iron and arsenic (Fowler’s solution, 3-10 
drops daily, with a mixture of tincture of iron and malic acid). 

Herpes zoster, lupus vulgaris, lupus erythematosus, pemphigus 
and psoriasis are some of the less frequent affections of the 
external ear. 


D. Herpes Zoster. 

This affection is characterized by the painful development of 
transparent vesicles which are arranged in groups, and situated 
on a highly reddened surface. The site of the affection is either 
the posterior surface of the auricle, 
especially the lobule or the region 
in front of the tragus, and the 
anterior superior wall of the meatus. 

The situation depends on whether 
the herpes is caused by an affection 
of the trigeminus (anterior surface), 
of the great auricular (posterior 
surface), or of the ganglia belonging 
to these nerves.- Hartmann ob- 
served a case of herpes on the 
membrana tympani. The forma- 
tion of the vesicles is preceded by 
violent pains in the head and in 
the neighbourhood of the ear 
Avhich seldom remit, and continue 
for several days. After the appear- 
ance of the eruption, which is some- 
times accompanied by fever, the 
pain generally subsides, but may 
continue until the vesicles dry up. 

Sometimes, as the author has 
observed in a few cases, a facial paralysis develops on the 
affected side simultaneously with the eruption, which only 
disappears several weeks after the herpes has healed. In one 
of the author’s cases a neuralgia remained after the herpes, 
which disappeared several weeks after the eruption, was cured. 



Fig. 97. — Herpes Zoster oh- 
THE Auricle in a Child 9 
Years of Age, as observed 
BY Dr. Hermet in Paris. 
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This affection ends in recovery. After the vesicles have burst, 
the diseased parts become covered with a crust, which falls off 
within a few days after the formation of a new epidermis. After 
cure has taken place, the affected parts remain hyperaemic for 
a long time. Owing to superficial gangrene, there is often a 
deep loss of substance, which heals by the formation of small 
cicatrices. 

The treatment consists in combating the violent pain by the 
application of a 5 per cent, cocaine ointment, or a 10 per cent, 
orthoform or anmsthesin ointment, and by the internal adminis- 
tration of some sedative or narcotic. When these remedies 
prove ineffective, a subcutaneous injection of morphia may be 
given. The vesicles may be dried up by dusting them with 
powder, such as horacic acid, dermatol, or xcroform, or anointing 
them with unguentum plumbi acetatis or unguentum cerussse. 

Herpes zoster gangrenosus hystericus of the auricle is a rare form of 
disease. The author observed a marked case of tlus in a patient in whom the 
characteristic efflorescences of herpes zoster developed on the tragus and 
antitragus wnth the most excruciating pain. The base of the vesicles became 
necrotic in a short time, -whereupon broad, obstinate ulcers, covered -with a 
black scab, formed on the auricle. Healing took place with considerable 
cicatrization. The disease recurred tlu’cc times in the corurse of a year, and 
finally led to a lasting deformity of the auricle. 

E. LUPUS. 

Lupus Vulgaris. — Lupus vulgaris of the auricle is sometimes 
observed as a part of an extensive lupus of the face. All known 
forms of lupus — lupus maculosus, exulcerans, hypertrophicus, 
papillaris, and framboesiodes — occur on the auricle. The char- 
acter of the disease depends on the form of lupus tvith which 
the patient is affected on other parts of the body. Changes from 
one form to another occur here, just as in other portions of the 
body. As a rule we find disseminated patches of lupus maculosus 
on the lobule, in the concha, or on the posterior surface of the 
auricle. The patches appear in the form of browm, scaly tubercles 
varying in size from a pin’s head to a lentil, which are grouped to- 
gether, and penetrate deeply into the subcutaneous tissue. They 
■seldom ulcerate, but may, nevertheless, through shrinking, 
produce cicatrices in the skin. From the small size of the 
efflorescences, the moderate formation of scales, and the character- 
istic shrinking with the formation of hard, often hypertrophied, 
keloid scars, lupus is differentiated from psoriasis. The latter 
affection occurs very seldom on the ear, and, as heretofore 
mentioned, only in connection Avith extensive psoriasis of other 
parts of the body. 

Lupus Exulcerans. — Lupus exulcerans of the cheek sonae- 
times attacks the anterior surface of the auricle, and gives rise 
to ulcers of variable size. These are covered AAuth thick crusts. 
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after tlie removal of which the base presents a spongy, glandular 
appearance. The edges of the ulcers are often livid and under- 
mined. It is often possible to find in the edge of the ulcer 
typical lupous nodules which are scattered in the cutis, and 
which have not yet ulcerated. The discovery of such nodules 
makes the diagnosis of lupus absolutely certain. 

According to Neisser, lupus of the auricle assumes a very 
peculiar appearance when the lobule is simultaneously affected. 
In such cases it hangs from the auricle as a large, pear-shaped 
tumour, and ulcerates later than the other portions of the pinna. 
Up to the present, cases of lupus exulcerans limited to the 
auricle have rarely been seen. One case in the author’s practice 
was that of a young man who was otherwise healthy, and who 
belonged to the better class; in this case the affection was 
limited to the auricle, and had existed for several months. The 
lupous ulceration first appeared on the upper half of the auricle, 
and extended from here to its posterior surface. On different 
parts of the anterior surface, the skin was so completely destroyed, 
that the cartilage, suffused with blood, was exposed. The 
sharply- defined edges of the ulcer ajppeared spongy and soft, and 
bled easily. By repeated applications of the sharp spoon, and 
cauterization with solid nitrate of silver, a cure was effected after 
some weeks, leaving, however, cicatrices and slight deformity of 
the auricle. In a second case (a girl twenty-five years of age), in 
which the lupous infiltration extended upwards from the inferior 
part of the lobule to the posterior edge of the auricle, a cure was 
effected after several months’ energetic cauterization with solid 
silver nitrate without leaving any deformity. 

Lupus Hypertrophicus. — Lupus hypertrophicus (tumidus, 
papillaris, framboesiodes) may come on as a primary affection, or 
it may develop on the floor of an ulcerating lupus vulgaris which 
has not been treated. While the lupous destruction of the skin 
progresses by the continued deposit of degenerating lupous 
nodules in the deeper parts of the cutis, there results a glandular 
and papillary growth of the excessively developed granulation 
tissue on the floor of the ulcer, which gives the auricle a deformed 
appearance. These granulations are often of a spongy, soft 
character, bleed easily, seldom become hard on their surface, 
and continue to suppurate at their base. These are the most 
malignant and obstinate forms of lupus, as they produce the 
most extensive destruction of the auricle. In cases which are 
specially protracted, the whole cartilage of the auricle may also 
become inflamed, infiltrated with pus, necrotic, and finally 
deformed by contraction. Such cases often go on to total 
destruction of one or more large portions of the auricle (lupus 
mutilans). 

It is a very rare occurrence to see a lupus exulcerans, localized 
in the pharynx, extend through the tube into the middle and 
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internal ear. Gradenigo described such a case in which there 
occurred a lupous destruction of the membrana tympani, ossicles, 
mucous membrane of the cavum tympani, and vestibule. In a 
case observed by the author of a man forty-three years of age, 
the lupus exulcerans extended from the naso-pharynx towards 
both tympanic cavities. In the first few months it appeared 
as a chronic middle-ear suppuration, but later the lupous mass 
extended through the perforated membrana tympani into the 
meatus. 

Treatment. — The treatment of lupus vulgaris of the auricle 
consists (1) in the removal or destruction of the lupous granula- 
tions, and (2) in guarding against deformities. In the ordinary 
non-ulcerative form, these two objects are most easily attained 
if we systematically destroy (by cauterization) only the true 
infiltrate, and not the entire area in which the nodules are 
situated. This is best aecomj)lished by thoroughly cauterizing 
the visible nodules with a pointed piece of lunar caustic, which 
easily penetrates the soft, broken-down lupous tissue. This pro- 
cedure is to be repeated until no nodules or spots are longer 
visible. The consecutive cicatrization is relatively small by this 
treatment, as the healthy skin between the spots of infiltration is 
left intact. The same result as the above is obtained by cauter- 
izing with potassium and silver, as introduced into practice by 
Hebra. The method of procedure is as follows : Having thoroughly 
cocainized the diseased parts, a 30 per cent, solution of caustic 
potash is quickly applied, the result being that the affected areas 
lose their superficial cuticular layer. The surface is now quickly 
painted with a 25 per cent, solution of nitrate of silver, and the 
superfluous fluid immediately sponged up by means of moist 
cotton; the solution thus penetrates solely into the depth of 
the lupous infiltration, which it, destroys without injuring the 
healthy tissue. For antiseptic reasons, it is recommended to 
cover the wounded areas with iodoform gauze, or with dermatol 
or xeroform. Lactic acid, which is highly recommended by 
Mosetig-Moorhof, may also be employed in lupus of the auricle, 
because it has a special destructive influence on the diseased 
tissue, while it does not affect the healthy. Pencilling with 
iodine glycerine (1 : 2) and concentrated carbolic acid am of less 
value. Good results are obtained by using pyrogallic acid, which 
is applied in the form of a 20 per cent, ointment several times 
a day. Unna recommends the following salve: Acid._ salicyl., 
liquor stibii chlorat., ana 2-0; creosoli, ext. cannabis indie., 
ana 4-0; adipis lanse 8-0. 

In all forms of lupus exulcerans, the ulcerating surface should 
first be thoroughly cauterized in order to remove the granulation 
tissue. Spongy and hypertrophied granulations must be removed 
with a sharp spoon, after which the base of the ulcer should 
be cauterized either with solid silver nitrate or with the galvano- 
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or thermo- cautery. By the continued use of these methods, it 
is always possible to destroy all the affected tissue, and to stay 
the progress of the disease; to achieve this, however, requires 
several months’ treatment. Even if the contraction due to the 
formation of cicatricial tissue is considerable, and a marked 
deformity of the auricle remains after the lupus exulcerans has 
healed, still the thorough and energetic use of cauterizing agents 
is the only effective means by which not only healing is brought 
about, but the progressive deformity of the auricle is prevented. 

Total excision of the lupous areas, with a subsequent plastic 
operation, has been suggested by Ed. Lang; this method of treat- 





Fig. 98. — Plastic Operation in a Case op Lupus as perpormed by 

Ed. Lang. 


ment excels all others in regard to the certainty of success. When 
the lupus is confined to the upper and middle portions of the 
auricle, the diseased area, in conjunction with the cartilage, is 
excised in the form of a triangular wedge (Eig. 98), and the 
edges of the wound are united by an anterior and posterior skin 
suture. The auricle thereby becomes smaller without losing its 
form. If the inferior part of the auricle and the lobule are affected, 
the diseased part is excised and the removed area restored by 
means of a flap taken from the lateral region of the neck, the 
pedicle of which is behind the ear; by this procedure the contour 
of the auricle is brought back to its normal state. 

A number of cases have been reported in which distinct im- 
provement and cure were obtained by the recently recommended 
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treatment witli hot air (Hollander), tlie Itontgen rays (E. Schiff 
and Ereund), and photo-therapy (Einsen); whether the cures 
are permanent remains to be seen. According to Ehrmann, it 
is advisable to combine the resorcin treatment with Eontgen or 
Einsen rays. He applies to the diseased parts a 33 per cent, 
resorcin paste (resorcini 3-0, lanolini 4-0, unguent sp. 2-0) morn- 
ings and evenings. Before each application he removes the white 
crust which has formed. Every eight days there should be a 
pause of two days, during which time an ointment of boracic acid 
may be applied. In the meantime, Eontgen or Einsen rays may 
be used. 

Lupus Erythematosus. — This affection, which is really not 
a form of lupus, must still be mentioned. It not infrequently 
appears localized on the auricle (lupus pernio), but generally 
occurs on its free edge and on its posterior surface with an 
extensive lupus erythematosus of the face. It progresses with- 
out ulceration to cicatricial atrophy of the cutis. In its acute, 
extensive form, known as erysipelas perstans, the auricle is 
always simultaneously affected. The ordinary chronic form is 
treated with applications of soft soap, mercurial plasters (Wolf, 
Joseph), ichthj'-ol collodion (Unna, During), painting with iodine 
glycerine (J\I. Eichter), or by scarification followed by cauteriza- 
tion wuth chloride of zinc (\^eiel). Hebra, jun., recommends as 
beneficial alcohol applied as often as possible, or a mixture of 
alcohol, ether, and spiritus menthas pipcritte in equal parts by 
means of cotton tampons. 

F. Cutaneous Syphilis of the External Ear. 

Primary sj-pWlitic affections of the external ear are, on the whole, very 
rare. Two cases of Hunterian ehancre are cited in Lang’s lectures on the 
Pathology and Treatment of Syphilis, p. 430 (Wiesbaden, 1885). _ The one 
was reported by C. PcUizzari,* the other by J. Zuckcr.f The location of the 
lesion was on the lobulo in the ono case, and on the anterior wall of the 
cartilaginous meatus in the other. In both cases the cause of the affection 
was easily found. In the first case, tho infection was conveyed by a towel, 
which had been used by tho syphilitic son of the patient; in the second case, 
infection took place from tho too fervent caresses of a prostitute. A third 
case of primary syphilitic infection of the auricle, reported by Hermet,f 
occurred in a woman forty-two years of age, who acquired the chancre from her 
husband. For the Imowledge of a fourth case the author is indebted to the 
friendly communication of Dr. Hcrmet of Paris, who saw, at the clime of 
Fournier, a phagedenic chancre on the lobule and on the posterior inferior 
third of the auricle. The infection was acquired through a bite on the auricle, 
which the patient received during a fight with a syphilitic individual. 

-Secondary syphilitic affections of the auricle, in the form of 
macular, papular, and pustular eruptions, are always a part of a 

Virch. Arch., vol. Ixix., p. 313. 

t Zeitschr. f. Ohrenh., vol. xiii., p. 171. 

i Annales de Dermatologic et de Syphilographie, 2^nie Serie, Extrait. 
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general cutaneous syphilis, and especially when the skin of the 
forehead and scalp is simultaneously affected. Gummata are 
seldom met with in this region. According to Burnett, they 
may spread over the entire auricle, and may partially destroy it 
by the formation of deep-seated ulcers. In infants, broad condy- 
lomata occur on the inferior part of the auricle coincident with 
similar lesions on the adjoining parts of the neck. 

Of the syphilitic lesions occurring in the meatus, condylomata 
and ulcers have been the most minutely observed. * Condylomata 
in the external auditory canal always develop with general 
syphilis, more often, however, if there are condylomata on other 
parts of the body. Their occurrence is usually simultaneous 
with the symptoms of general syphilis — i.e., with the signs of 
syphilitic affections of the skin, pharyngeal ulcers, and sharply- 
defined, glandular swellings. Occasionally confluent condylo- 
mata occur in both auditory canals (Noquet, Bevue Mensuelle, 
July, 1885). 

The initial stage of condylomata, as a rule, escapes our atten- 
tion on account of the absence of striking symptoms. According 
to Knapp {Z. /. 0., vol. viii.), they begin as red efflorescences, 
which gradually increase in size, and are followed by a diffuse 
swelling of the walls of the meatus combined with a moderate 
amount of secretion. These condylomata, in the form of red, 
or grayish-red, ragged, warty excrescences, arise more or less 
quickly on the secreting parts, and extend from the external 
auditory orifice to the osseous meatus, rendering the lumen of 
the auditory canal impermeable. In one of the author’s cases, 
the condylomata were confined to the region of the cartilaginous 
meatus surrounding the external auditory orifice. In another 
case, they could be traced nearly to the tympanic membrane. 

Although the initial stage runs its course without symptoms, 
violent, radiating pains, increased by movements of jaw, appear 
with the formation of the condylomata, especially if these have 
ulcerated; only in exceptional cases are these pains accompanied 
by fever. Subjective noises and deafness are caused either by a 
mechanical obstruction of the auditory canal or by a consecutive 
affection of the middle ear, which, as in a case observed by Knapp, 
may be associated with bilateral perforation of the membrana 
tympani. 

Condylomata of the meatus heal either by resolution, or end in 
destruction with a discharge of profuse, foetid secretion, and the 

* Among 1,200 syphilitic patients, of -whom 980 had condylomata, Dcspres 
{Ann. d. mal. de Vor., etc., 1878) observed condylomata in the external 
meatus five times. Buck (Am. Jonrn. of Olol., 1879), among 4,000 persons 
with ear disease, met with 30 cases of syphilis of the meatus, in 5 of which 
there were condylomata and ulcers. Bavogli (Congresshei-. Mailand, 1880), 
among 144 oases of syphilis, found the middle ear affected fifteen times, and 
the external meatus only once. 
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formation of unhealthy, confluent ulcers which are usually seated 
on the inferior posterior wall, and are very resistant to treat- 
ment. Resolution quickly follows an energetic general anti- 
syphilitic treatment, and after the disappearance of the other 
syphilitic symptoms. Cure, with or without cicatrization, 
usually follows a rational, local, and constitutional treatment; 
this may take place after several wpeks, but is sometimes attained 
only after several months. When no cicatrix is formed, that 
portion of the meatus at which the lesion was located appears 
somewhat sunken and devoid of hair. A stricture of the meatus 
seldom remains as a sequela. 

The diagnosis of cond 3 domata can be made from the simul- 
taneous existence of syphilis on the genitals, on the skin, and in 
the pharynx, and from the accompanying glandular swellings; 
if the examination is made in a perfunctory manner, the condy- 
lomata may be taken for granulations. When ulcerations or areas 
of infiltration occur on the extenral ear, or in the external meatus, 
which arouse our suspicion that we are dealing with a syphilitic 
condition, we must resort to a Wassermann examination of the 
blood, in order to verify our diagnosis. The prognosis of condylo- 
inata of the external auditory canal is favourable. 

That a papular syphilitic infiltration may also occur on the external surface 
of the membrana t3’']npani is demonstrated by a case of Lang, who saw on the 
drum membrane of a woman recently afifected with sjyhilis a large, pale, 
shining papule coiTesponding to the position of the processus brevis. In this 
case the anterior superior quadrant was greatty injected and the whole mem- 
brana t3anpani appeared opaque. Speech could be heard only at a distance 
of five paces. 

Gummatous ulcers of the external ear seldom occur without 
a simultaneous affection of the cavum tympani. Alb. H. Buck 
{Am. Journ. of Otol., 1879) records several cases of syphilitic 
ulcers on the auricle and in the meatus which had a charac- 
teristic base and steep, elevated margins. That these lesions 
were of a syphilitic nature was corroborated by the simultaneous 
appearance of specific patches in the nose and pharynx, and by 
the infiltration of the cervical glands, Hessler {A.f. 0., vol. xx.) 
saw a partial necrosis of the auricle follow an ulcerating gumma. 
Bavogli {loc. cii.) reported a case of nodular syphilis of the side 
of the neck, in which several ulcerating, syphilitic nodules also 
developed in the meatus and on the membrana tympani, and 
which formed several isolated ulcers with a deep base and elevated 
margins. Baratoux is supposed to have observed a gummatous 
infiltration of the membrana tympani. . . 

In a case which came under the author’s notice, a diaracteristic 
ulcer formed on the inferior wall of the meatus during the course 
of a chronic middle-ear suppuration. The ulcer, which had a fatty 
base, involved the inferior and lateral walls of the cartilaginous 
meatus, and its steep, infiltrated margins were sharply demarcated 
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from the external auditory orifice. The simultaneous occurrence 
of pharyngeal syphilis left no doubt as to the nature of the 
lesion. In a second case, there was a round ulcer with elevated 
edges in the concha, in addition to one which occupied the 
whole length of the cartilaginous meatus. Bruck saw a case in 
which there was a papular syphilide on the antihelix in addition to 
broad condylomata of the external auditory canal. 

The treatment of condylomata of the auditory canal consists, 
besides a general anti-syphilitic treatment, in the repeated 
cauterization of the granulations with solid silver nitrate or a 
concentrated solution of chromic acid. After the warty growths 
have diminished in size, they should be pencilled with a solution 
of corrosive sublimate (0-1 : 30-0) or with tincture of iodine. 
Knapp recommends dusting the condylomata with calomel, and 
later applying a 1 per cent, solution of nitrate of silver. 

Diseases of the Perichondrium, Cartilage of the 
Auricle, and External Auditory Canal. 

1. Othaematoma (Haematoma auris). 

Othaematomata arise from a sudden effusion of blood between 
the cartilage and the perichondrium, by which the latter, with or 
without destruction of its continuity, is extensively separated 
from the former. As the cartilage is traversed by numerous 
vascular bands of connective tissue, it is probable that'an othce- 
matoma may be occasioned by rupture of these vessels through 
an act of violence; this condition may also be associated with 
partial tearing of the cartilage. 

Etiology, — Othfematomata are most frequently caused by 
injury, and seldom develop spontaneously. The fact that the 
auricle often remains intact after a marked act of violence, while 
at other times a slight pull suffices to produce an effusion of blood, 
renders it probable that certain tissue changes in the cartilage, 
especially in aged, tubercular, and insane individuals, are the 
• predisposing causes of othtematomata. L. Meyer, Pareidt, Haupt- 
Leubuscher, Simon, Virchow, Forster, and J. Poliak give the 
following as predisposing causes: Degeneration of the carti- 
lage of the ear, softening and fissure formation, the formation of 
cavities with a gelatinous homogeneous contents, the prolifera- 
tion of bloodvessels, and, finally, new growths. It is probable 
that repeated injuries give rise to such changes in the cartilage, so 
that even the slightest violence may cause an effusion of blood. 

Occurrence. — Othsematomata may occur in healthy individuals, 
but they are seen most frequently, however, in those aflfiicted 
with diseases of the mind. The left auricle is more often affected; 
the affection is seldom bilateral. Gudden believes that they are 
solely caused by injury (ill-treatment), and finds that they are 

15 
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most common on the left side. Simon (Bert IcUn. Wochensclir., 
1865), however, assumes that in lunatics they are always due to a 
tissue change in the auricle. Eoosa (loc. cit.) connects the othte- 
matomata of the insane with a diseased condition of the brain. 
He bases this supposition on the experiment of Brown-Sequard, 
who observed liaBinorrhages in the auricle after severing the resti- 
form body of. animals. 

Symptoms. — Othrematomata at first appear as bluish-red, 
rounded or irregular swellings, doughy or hard to the touch, and 
seldom present a distinct fluctuation. They occur more frequently 
on the anterior than on the posterior surface of the auricle. 
Those of spontaneous origin seldom attain the size of those due 



Pig. 99. — SroNT,riKi:ous Otji.icmatowa on tun UrruR Portion of tiie 
Auiuci.e, occurring in a Man aged 23. 

Puncture of the gainful tumour; perforation of the cartilage. Cure of the recurrent 
process n-as elFcctcd by means of rc])catcd injections of a solution of nitrate of 
silver (2-4 in 10) after its existence for tliree months. 

to injury. While the former occupy only small sections of the 
concave surface of the auricle, especially the concha and inter- 
crural fossa, the latter appear as swellings which cover nearly 
the whole anterior surface, and sometimes occlude the external 
auditory canal. In transmitted light, that portion of the 
auricle in which the htemorrhagic swelling is situated appears 
dark and non-transparent; this differentiates it from peri- 
chondritis. 

Spontaneous othiematomata often develop without subjective 
symptoms, while the traumatic are usually accompanied by great 
pain, heat, and tension. With the appearance of a reactive in- 
flammation in the later stage of a spontaneous otluematoma, 
severe pain is also experienced. Subjective noises and disturb- 
ances of hearing are observed only when the auditory meatus lij 
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occluded by the swelling, or when the membrana tympani is 
injured simultaneously. 

Course and Terminations. — The course of this affection 
depends on the extent of the htemorrhage and on the simul- 
taneous lesion of the cartilage. When the cartilage is not 
markedly altered by the haemorrhage, the termination is far 
more favourable than when it is fissured by the extravasation. 
In a number of cases recovery takes place by resorption without 
malformation of the auricle, while in other cases the latter 
remains greatly deformed through cicatricial thickening, atrophy, 
and shrinking of the cartilage and skin, or through necrosis of the 
cartilage. In rare cases, more commonly in the traumatic than 
in the spontaneous forms, an extensive inflammation of the 
cartilage and its covering may develop, with a simultaneous 
htemorrhagic, gelatinous exudate, which later becomes purulent 
or putrid. This may lead to partial suppuration, putrefaction, 
and multiple perforations of the cartilage and cutis, and may 
even end in partial loss of the auricle, or in a cicatricial deformity 
of the same, with a cleft-like narrowing of the meatus. Yasura- 
buro Sakaki* saw among seventy-two wrestlers twenty-nine cases 
of traumatic othfematomata which terminated in connective- 
tissue and cartilaginous growths, and in shrinking of the auricle. 
On the other hand, Minca (Eeports of the Medical Faculty in 
Tokio, vol. vi.) could not find even the forerunner of any pro- 
liferations in the cartilage, but only retrogressive metamorphoses 
in the form of hyaline degenerative areas. A fatal termination 
in consequence of pysmia resulting from gangrene is a very 
rare occurrence. 

Diagnosis. — The diagnosis of othsematoma may be made with 
absolute certainty if it can be demonstrated that the swelling 
appeared shortly after an injury. In the spontaneous form the 
diagnosis is determined by the rapid development of the swelling. 
If we bear this in mind, it is impossible to mistake it for a peri- 
chondritis, an angioma, or a new growth. 

Prognosis. — The prognosis of traumatic othsematoma, in re- 
ference to absorption of the swelling and malformation of the 
auricle, is more favourable than that of the spontaneous form. 
This is true of all cases excepting those in which, through injury, 
a deep-seated change in the cartilage has taken place. A favour- 
able symptom during the course of the affection is a diminution 
in the size of the swelling without any reactive phenomena. An 
unfavourable symptom is the appearance of violent inflammatory 
phenomena, which necessitates the opening of the infiltrated area. 

Treatment. — When the swelling is small and painless, it is 
best to allow the process to pursue its own course, as all treat- 
ment, such as the application of a pressure bandage, massage, 

* Reports of the ]\redical Faculty in Tokio, Ueber die PankratiastenoJiren 
dcr jojianischen Ringkmnjjfer, 1899. 
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etc., rather tends to renew the bleeding and retard the absorption 
of the extravasation. For this reason, therefore, massage, 
recommended by Meyer {A. /. 0., vol. xvi.) and Blake {Z.j. 0., 
vol. xiii.), must be used with great caution, and by no means in 
the beginning, hut only in the third or fourth week. When the 
swelling is painful, neither a pressure bandage nor massage must 
be employed. On the other hand, when the othaematomata are 
of traumatic origin, or when they run their course with inflam- 
matory symptoms, cold compresses, by means of ice-bags or 
Leiter’s apparatus, are indicated; when the pain subsides, the 
treatment is continued with wot dressings of Burow’s solution. 
When, in spite of antiphlogistics, the pain does not cease after 
four to five days, and the swelling has not decreased in size, cure 
is most rapidly effected by puncture and removal of the contents, 
followed by the application of a loose pressure bandage. In some 
cases the cavity refills with blood or viscid fluid, so that repeated 
punctures become necessary. When the tumour is of large size, 
R. Chimani recommends incision and packing with carbolic or 
salicjdic cotton, or iodoform gauze. 

Haemorrhages into the external auditory canal are most 
frequently caused by injuries of the cutis or cartilage, and by 
fracture of the osseous walls. The inflammatory extravastions 
of blood were described in the chapter on Otitis Externa Hiemor- 
rhagica. 

2. Perichondritis of the Auricle (Perichondritis auriculae). 

Perichondritis of the auricle is of rather common occurrence. 
It develops without hny known cause, or as the result of infection, 
and is confined to the anterior surface of the auricle without 
involving the lobule. This is the characteristic feature of this 
form of inflammation. The external auditory canal either 
remains intact or the inflammation begins there and extends to 
the auricle. It has been repeatedly observed to follow the 
radical mastoid operation for chronic suppurative otitis media, in 
which Korner’s or Pause’s plastic operation had been performed. 
In these cases, it is not the injury to the cartilage which causes 
the perichondritis, but infection due to the Bacillus fijocyanciis 
(Korner, Lermoyez, Neumann, Voss). 

Symptoms. — When the inflammation has reached its climax, 
a red, or bluish-red, uneven, fluctuating swelling is found on the 
anterior surface of the auricle; it extends over the greater part 
of the concha and fossa of the helix, and aj)pears sharply demar- 
cated from the lobule below. The temperature of the affected 
part is raised during the first stage. When the affection first 
appears, it shows a great similarity to an othfematoma, hut is 
differentiated from the latter by its gradual development with 
inflammatory phenomena, and by the character of its contents. 



PERICHONDRITIS OF THE AURICLE 


229 


which consists either of a synovial or purulent transparent 
fluid dree from blood. After the tumour has existed for some 
time it becomes difficult to distinguish it from an othaematoma, 
because, as we have seen, there are times, especially in its later 
stages, when the latter occasionally contains no blood, but only 
a transparent syrupy fluid. Probing the incised tumour reveals 
a more or less extensive loosening of the perichondrium, and 
exposure of the uneven, rough cartilage. 

Terminations. — The terminations of perichondritis are: Re- 
covery after spontaneous absorption of the exudate, or after the 
formation of an abscess and the discharge of the purulent, 
S5movial fluid, without a change in the form of the auricle; or 
shrinking and marked deformity of the cartilage, as are observed 
in the severe forms of othgeniatoma. The course of this affection 
is always protracted. Haug has reported a tubercular form of 
perichondritis. The duration of the inflammation varies from 
three weeks to three months.* 

Treatment. — Treatment should be begun with the energetic 
application of antiphlogistics, and with early incision of the 
fluctuating mass. Burckhardt-Merian and Urban Pritchard saw 
rapid healing take place after puncture, followed by injections of 
dilute tincture of iodine. Many cases treated by the author in this 
manner resulted in a painful enlargement of the tumour, and 
recovery took place only after incision of the skin and the subse- 
quent insertion of a tampon of iodoform gauze. The treatment 
with antiseptics, and with the pressure bandage, is the same as 
that already referred to in the treatment of othtematoma. Kuhn 
recommends massage. Haug obtained a cure without deformity 
by repeated puncture and aspiration. 

Wo must also mention those very rare affections, as gangrene of the auricle, 
met with in children (Politeer, Kruckenberg, Eitelberg, Nottingham), and 
noma of the auricle as described by Hutchinson [Medical Times and Gazelle, 
1881). The latter disease usually starts from the cartilaginous meatus. It is 
usually impossible to prevent a fatal termination in these cases even with the 
aid of radical surgical procedures. The cause of this disease is supposed to 
be an anaerobic form of streptotlrrix (Hoffmann, Z. /. 0., vol. li.). Max saw 
perforations of the auricle develop after grangrene. After removal of the 
necrosed parts, and cauterization with silver nitrate, cure was obtained. We 
mu!5t still mention pemphigus gangrenosus, an affection which is frequently 
met with in the lower classes of Ireland; it appears behind and on the ears, 
has a phagedenic character, and is generally fatah Rolmer saw a case of 
simple pemplxigus in Avhich bullae developed the size of hazel-nuts. V. 
Trdltsch, Brieger, and Politzer observed the bullae of pemphigus in the auditory 
canal. Jarisch and Chiari described a case of tubercular ulcer of the auricle 
of a phthisical patient. 


* Wilde, Pvahl. Bemerkiingen uher Ohrenheill:., German translation, 1855; 
R. Chimani, A. f. 0., vol. ii.; H. Knapp, Z. /. 0., vol, x.; 0. D. Pomeroj', 
Trans, of the American Otol. Soc., vol. ix.; Benni, Baseler Kongress-bericht. 
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Strictures and Adhesions of the External 
Auditory Canal. 

Strictures of the External Auditory Canal. — These are caused 
by infiltration and swelling of its lining membrane and periosteum; 
by cicatricial contractions, hyperostoses and osseous new forma- 
tions of its walls ; and by other forms of now growth. Strictures 
caused by swelling and hypertrophy of the cutis are most fre- 
quently brought about by the secondary inflammations which 
arise during the course of a chronic middle-ear suppuration, by 
chronic eczema, and Ijy the primary forms of otitis externa. 
Temporary strictures, caused by swelling and bulging of the 
posterior superior wall of the meatus, are observed in cases of 
acute mastoid abscess. They are also induced by a diphtheritic 
or syphilitic ulceration which has run its course, by injury and 
cauterization of the lining membrane (with concentrated acids, 
galvano-cautery, solid silver nitrate), by an unskilful suturing of a 
detached auricle (Bishop of Chicago), and by a faulty after- 
treatment in the radical mastoid operation. In old persons we 
occasionally find the external auditory orifice in a state of fissure- 
like contraction, owing to atrophy, shrinking and collapse of the 
cartilaginous meatus. 

Strictures are either temporary or permanent. Swellings of the 
cutis, which are caused by acute or chronic inflammatory infil- 
tration. and which often recede spontaneously or through proper 
treatment, may he reckoned to the former class. Sometimes, 
however, in an infiltration of the cutis of long standing, a nmv 
formation of connective tissue occurs with permanent thickening 
and condensation of the cutis and periosteum. This condition is 
associated with a considerable contraction of the lumen of the 
canal, and is especially met with in protracted cases of eczema, 
and during the course of a chronic suppuration of the middle 
ear. 

Strictures caused by ulceration and cauterization present a 
different aspect. In some instances they are circumscribed 
and annular, and, as in the cases observed by Morpurgo and 
the author, resemble the diaphragm of an optical instrument; they 
may thus reduce the lumen of the canal to a size varying from 
that of a pin’s head to that of a small lentil. This condition may 
easily be mistaken for perforation of the membrana tympani it 
we do not notice the short distance between the newly-formed 
membrane and the external auditory orifice. In other cases 
permanent, tortuous strictures are formed through extensive 
callous condensation and shrinking of the subcutaneous connective 
tissue and periosteum; these are generally located in the midd e 
of the meatus, in its cartilaginous portion. The stricture m 
these cases is either circumscribed or diffuse; the former vane y 
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usually affects the middle portion of the meatus, while the latter, 
as a rule, extends from the external auditory orifice into the 
osseous meatus. 

Osseous strictures are caused either by a uniform periosteal 
growth of the walls of the meatus or by a hyperostosis which 
arises principally from the posterior superior wall of the osseous 
meatus where it sinks like an inclined plane from without inwards 
towards the inferior wall of the canal, and, by causing a cleft-like 
narrowing, obstructs the view of the membrana tympani. Such 
strictures, which are usually associated with a high degree of 
deafness, often develop after the recession of a carious process 
of the temporal bone, especially after the exfoliation of large 
sequestra from the mastoid process through an opening in the 
wall of the meatus. The slit-like contraction of the external 
auditory canal, formed by the abnormal inward curvature of its 
anterior inferior Avail, is due in the majority of cases to an anomaly 
of formation. 

Strictures of the external auditory canal are either round 
or slit-like, and occasionally present the form of an hour-glass. 
After a suppuration of the middle ear has run its course, the 
constricted part of the meatus generally remains unchanged. 

Strictures of the external meatus, even Avhen marked, occasion 
a disturbance of hearing only when they are accompanied by 
pathological changes in the middle ear, or by the accumulation 
of thickened secretion behind the stricture. If, on the other 
hand, the external meatus is entirely occluded by the stricture, 
the disturbance in hearing may be very marked, and may 
even lead to complete deafness. This is especially true if the 
stricture is of a bony nature. Where a chronic suppuration 
of the middle ear exists, the discharge of the pus may be 
hindered by the stricture, so that a fatal complication may be 
induced. 

In the examination of strictures, the use of the probe is indis- 
pensable. jBy this means we are in a position, not only to dis- 
tinguish a membranous from a bony stricture, but to judge its 
extent and calibre. 

Treatment. — This depends on the anatomical cause of the 
contraction, and on the condition of the middle ear, and the 
parts of the external meatus lying behind the stricture. In 
contractions caused by SAvelling and hypertrophy of the cutis, 
it is advisable to gradually dilate the parts by the insertion of 
conical, resistant plugs of charpie; these plugs should be of 
graduated sizes. This procedure should be adopted only when 
the SAvelling and hypertrophy cannot be relieved by the treat- 
ment described under diffuse inflammations of the external 
auditory canal. Should these plugs proA^'e ineffective, compressed 
sponge-tents, AAdiich haA'^e been sterilized or previously soaked in 
iodoform ether (10 per cent.), should be introduced into the 
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meatus and allowed to remain -until they swell up, causing a 
moderate pain. Laminaria-tents of increasing size are sometimes 
employed for this purpose. A too energetic attempt at dilatation 
may bring about a subsequent adhesion of the walls of the meatus 
if the epidermis is torn off by the pressure of the dilating body, 
and the exposed parts come into contact with each other. Rapid 
dilatation with sponge or laminaria tents, and the later intro- 
duction of small thin rubber tubes, are indicated only when it is 
necessary quickly to remove stagnant secretion from the deeper 
portions of the meatus and from the tympanic cavity; such a 
radical procedure is undertaken to avoid serious complications 
which may he occasioned by the retained secretion. By inserting 
a tympanic tube 10 cm. long into the deeper parts of the meatus 
and injecting warm water, the secretion is most readily removed. 
When the external auditory orifice is reduced to a slit-like 
aperture, as a result of atrophic shrinking and collapse, it is recom- 
mended to introduce a small, ■well-fitting, resistant rubber tube, 
or a silver cannula. 

Strictures of long standing, caused by hypertrophy of the 
lining membrane of the auditory meatus, generally prove very 

obstinate to the methods of dilatation 



mentioned above, inasmuch as, even after 
the repeated application of sponge-tents or 
laminaria, the contraction again returns to 
its former state. Sometimes, moreover, an 
inflammatory condition is occasioned by 
the mechanical irritation, and thus the 


Fio. 100. stricture may even be increased. In such 

cases, as well as in strictures due to cica- 
trices, repeated longitudinal scarifications of the meatus followed 
by the introduction of compressed sponge-tents, and the long- 
continued 'svearing of conical vulcanite cannulas (Fig. 100), have 


proved of great service. A considerable dilatation was accom- 
plished in a number of cases by the continued wearing of such 
small cannulas; by using four or five of these tubes of progressive 
size a gradual dilatation, is brought about. The length of the 
tube varies according to the depth of the stricture in the canal. 

- Diaphragmatic septa may be permanently removed by circular 
incision, or by the galvano-cautery. Ostmann succeeded m 
removing connective-tissue strictures by electrolysis in four 
sittings, each lasting five minutes. Jansen recommends excision 
of the callous and cicatricial tissue after the auricle and posterior 
wall of the cartilaginous meatus have been detached; he replaces 
the defect by a pedunculated flap taken from the cutis of the 
mastoid process. Long osseous strictures, accompanying chronic 
suppuration of the middle ear, are sometimes an indication for 
the opening up of the middle-ear spaces, and a simultaneous 
removal of the posterior and superior walls of the canal, especially 
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if symptoms of pus retention become manifest. Strictures are 
furthermore caused by — 

Exostoses in the External Auditory Canal. — According to 
Hedinger, exostoses of the meatus are the result of a hypertrophic 
inflammation of the lining membrane, with a subsequent osseous 
metamorphosis of the new-formed connective tissue. J. P. Cassells 
(Med. Congr., London, 1881) differentiates a hyperostosis and an 
exostosis; the former he considers a hyperplasia, the latter a new' 
growth. There is no sharp line between these two forms; still, 
the term ‘ hyperostoses ’ should be applied more to the diffuse 
bony growths which occupy the entire length of the meatus, 
and ‘ exostoses ’ to the circumscribed, tumour-like, osseous new 
formations (v. Trdltseh). The structure of exostoses is either 
compact, spongy, or pneumatic. In a pedunculated exostosis 
operated upon by the author, the histological examination showed 
here and there very compact lamellse (eburnation) with spaces 
that contained but few vessels. 

Etiology. — The etiology of exostoses is obscure, in the majority 
of cases, because they frequently develop without inflammatory 
phenomena, and we are seldom in a position to observe their 
growth clinically. In a number of cases their origin can be 
attributed to the following causes: (1) Partial hyperplasia during 
the stages of development and ossification of the osseous meatus. 
According to the author’s view, those bilateral, osseous neoplasms 
which develop without symptoms belong to this class, especially 
if they are located symmetrically in both meatuses and also have 
a corresponding form. They are found in the middle and inner 
sections of the osseous meatus. They are sessile or pedunculated, 
and seldom attain such a size that they completely block the 
auditory canal. (2) A chronic circumscribed periostitis of the 
osseous meatus. To this class we must reckon the round exos- 
toses (osteophytes) which were described by Wagenhauser, and 
which arise from fracture of the anterior wall of the meatus. 
(3) Primary, or circumscribed and diffuse, inflammations of the 
meatus, which develop during the course of a chronic middle-ear 
suppuration. To this class belong those exostoses which arise 
after the cessation of a chronic middle-ear suppuration, and which 
are occasioned by the ossification of cartilaginous new growths 
and polypi (Dalby). (4) Hereditary predisposition (Schwartze). 
(5) Syphilis (Roosa) and gout (Toynbee) are less frequently 
the causes of exostoses than was formerly supposed. That the}’’ 
are due to these diseases may be assumed only when osseous 
tumours occur simultaneously on other parts of the body, 
the origin of which can be traced to the general systemic 
affection. 

Moos reported {A. f. A. u. 0., vol. ii.) three cases of symmetrical, bilateral 
exostoses on the superior wall of the auditory canal; in these cases a white 
nodule, larger than a hemp-seed, was situated on both sides of Shrapnell’s 
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membrane. The autlior saw quite a number of such cases in. his practice 
(Fig. 101), and was undecided whether he was dealing Avith a connective-tissue 
or osseous new groAvth. 

Symptoms. — Exostoses of the external meatus appear as white 
or yellow tumours of varying size, and are usually smooth, seldom 
rugged: Their base is either broad and ill-defined, or distinctly 
circumscribed and constricted. They may arise from any part 
of the auditory canal, but generally take their origin at the union 
of the osseous wdth the cartilaginous meatus, and from the 
posterior wall of the osseous portion of the auditory canal, 
especially its external part, wdiich is covered by the cartilagino- 
membranous portion. Tlioso bony growths which develop here 
are often seen ■svith the naked eye immediately behind the external 
auditory orifice. They usually attain sucli a size that they reduce 
the lumen of the auditory canal to a narroAV slit. Through 
pressure of the new' grow'th on the cartilaginous wmll, the latter 
atrophies until it disappears entirely, or the exostosis becomes 
so intimately united with (.he cartilage that the tumour, Avhen 
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removed, may be mistaken for an ossified enchondroma. Nol- 
tenius described a specimen in which an exostosis, the size of a 
pea, completely blocked the external orifice of the osseous meatus, 
and arose from the anterior inferior margin of the pars tympanica 
by means of a small pedicle. In a case Avhich the author had 
occasion to ohseiwe during life and at the post-mortem, the exos- 
tosis occluded the external auditory orifice, and proved to be a 
bony growth springing from the posterior jiart of the external 
opening of the osseous meatus; behind this tumour the auditory 
canal Avas enormously Avidened OAving to absorption of its posterior 
Avail. 

One or more exostoses may occur in the auditory canal. Not 
infrequently tAVO exostoses are found AA'hich narroAV the lumen ot 
the canal to a fissure or to the shape of an hour-glass, so that 
the membrana tympani is either completely hidden from vieAV or 
only a small portion of it may be seen.* At times a sma 

* Cp. Politzer, Atlas der Bdenchiungshilder des Trommelfells, Plate !■> 
Figs. 9-12. 
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exostosis is situated upon a larger one. Bilateral exostoses are 
rather frequent, but their position in the meatus, however, is not 
always symmetrical. Ayres saw symmetrical exostoses in the 
meatus resembling a septum. The author once saw two bony 
growths in the left and three in the right osseous meatus; these 
arose from the anterior superior and posterior walls. The most 
frequent changes in the ear appearing simultaneously with 
exostoses of the meatus are: Chronic catarrh of the middle ear 
without any evident relation to the osteoma; chronic suppuration 
of the middle ear, with or without the formation of polypi in the 
meatus; chronic otitis externa, with a moderate desquamative 
secretion; and, finally, chronic eczema. As a rule, examinations 
made at intervals of several years show a stationary condition 
of the exostosis. In rare instances — and then only in suppurative 
processes — the bony growth increases rapidly in size. Those 
cases of spontaneous absorption of exostoses which are recorded 
in literature were most likely unorganized periosteal exudates. 

The subjective symptoms accompanying exostoses of the 
auditory canal are more often caused by a simultaneous affection 
of the middle ear and meatus than by the tumour itself. Small 
growths of this nature which do not occlude the canal almost 
always run their course without symptoms. Large growths, on 
the other hand, may occasion an .ulceration of the cutis, or a 
painful inflammation with suppuration by pressure against the 
opposite wall of the meatus; such an inflammation also attacks 
the bony growth itself. Moos observed a case in which a 
trigeminal neuralgia was produced by an exostosis, after the 
removal of which the nerve affection completely disappeared. 
A reflex cough occasionally occurs. 

Apart from the deafness which exostoses may occasion through 
occlusion of the meatus, they also facilitate the accumulation 
of cerumen and epidermic masses in the deeper parts of the 
canal. Where exostoses in the meatus are associated with a 
suppuration of the middle ear, serious complications may arise 
from retention of the secretion, which may necessitate the opening 
up of the middle-ear spaces (mastoid operation). 

Diagnosis. — The diagnosis of exostoses presents no difficult}'’ 
to one of experience. Only when the lining membrane of the 
meatus is inflamed and swollen can the red swelling, covered 
with granulations and secretion, be mistaken for the bulging 
cutis or for a polypus. The resistance of the bony hard tumour, 
which is generally sensitive on being probed, leaves no doubt as 
to its nature. 

Treatment. — When exostoses are of such a size that they 
completely fill the lumen of the auditory canal, and are asso- 
ciated with a high degree of deafness, we should first make 
attempts at dilatation, provided the middle ear and labyrinth 
are intact. If we can succeed in producing a small slit in the 
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lumen of the auditory canal through pressure on the exostoses 
by the long-continued wearing of a hard body between the growth 
and wall of the meatus, it will be found that this is quite sufficient 
for the entrance of the waves of sound. Bonnafont {Union vied, 
1863) describes three cases of marked deafness resulting from 
exostoses in the meatus; after the long-continued wearing of a 
small metal rod between the growth and the walls of the meatus, 
a small slit-like opening was produced, whereby the normal 
hearing function was re-established. V. Troltsch saw an exos- 
tosis diminish in size through the wearing of laminaria tents for 
many years. In a case in Avhich a retained piece of laminaria 
tent produced a superficial necrosis of the walls of the auditory 
canal, a considerable dilatation of the meatus and return of the 
hearing wore evident after the removal of a small sequestrum. 

It is seldom possible to remove the ceruminous and epidermic 
masses which have accumulated behind the exostosis by the 
ordinary methods of syringing, as the stream of Avater cannot 
enter the meatus with sufficient force through the slit-like 
opening. In such cases it is recommended to insert the point of 
a small tympanic catheter (vide p. 12/5) through the opening into 
the deeper parts of the meatus, and then to inject 10 drops of a 
Avarm solution of soda and glycerine by means of a Pravaz 
sju'inge, the nozzle of AAdiich fits into the outer end of the catheter. 
The masses thus softened are easily syringed out on the following 
day by a forcible inj ection through the catheter. If aa'o are dealing 
Avith secretions due to inflammation, Ave must AA'ash out the meatus 
by repeated syringing, and then instil alcohol or an alcoholic 
solution of boracic acid (1 : 20); if there are granulations, they 
should be removed. 

The operatiAm romoAual of exostoses is indicated (1) in marked 
deafness due to complete closure of the meatus, proAuding the 
tuning-fork tests sIioaa^ a normal condition of the labyrinth and 
no nerve deafness, and A\diere there is a simultaneous disturbance 
of hearing in the other ear; (2) in inflammations of the external 
audit oi'y canal, AA'lien the discliarge of the secretion is preAmnted 
by the bony groAA'th. The radical mastoid operation is indicated 
in cases in AA'hich the exostosis is complicated A\dth a chronic 
middle-ear suppuration shoAAu'ng signs of pus retention. 

The removal of exostoses by means of the gouge and hammer 
is superior to all other operative methods, and should bo performed 
under a general anaesthesia. This procedure has the advantage 
of quickly remoAung the noAA" formation. It requires great 
caution, hoAvoAmr, in the case of deeply seated growths, as tlmic 
is a possibility of injuring the deeper parts of the meatus. BG" 
moval Avith the chisel is especially suitable for pedunculate 
groAAdhs, as they can be detached from their base by tAim or 
slight bloAvs of the hammer. In a number of cases opemte 
upon by the author, cicatrization took place AAdthin a feiv days. 
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111 exostoses with broad bases, however, a long-continued sup- 
puration has been known to occur after their removal. ‘Where 
the exostosis is deeply seated, it is more advisable to detach the 
auricle and cartilaginous meatus first, and then to chisel away 
the bony growth. At the same time, a large part of the posterior 
and superior walls of the osseous meatus should be removed, and, 
out of the membranous portion, a flap should be formed which is 
tamponed against the posterior superior wall of the meatus. 
The retro-auricular wound is sutured, and with proper antiseptic 
precautions heals by primary union. 

Destruction of the osseous tumour by means of the galvano-cautcry, as 
recommended by Voltolini and Delstanche, can be used only in those cases in 
■which the growth is situated in the external portion of the meatus. Tliis 
method requires a long time to bring about a cure, but possesses the advantage 
of giving rise only to a slight hamion'hage and moderate pain. Moos brought 
about a cure by the combined treatment with the galvano- cautery and 
laminaria tents. The elastic ligature of v. Dittel can be recommended for the 
removal of pedunculated tumour's with a contracted base in those individuals 
who fear an operation. 

The internal administration of the iodides and mercurial prcparatioirs and 
the intravenous injection of salvarsan are indicated only if we have cause to 
believe that the affection is due to syphilis. 

Atresia of the External Auditory Canal. — Acquired atresia 
of the external auditory canal is caused — 

1. By immediate contact of the walls of the meatus, which 
have been deprived of their epidermis during the course of a 
secondary inflammation of the canal, the latter being due to a 
chronic suppuration of the middle ear. 

2. By combined caries and necrosis of the mastoid process 
and walls of the meatus; after the throwing off of one or more 
sequestra, the granulation tissue which has grown into the 
meatus becomes attached to the bony walls and changes into 
fibrous connective or osseous tissue. In such cases we not 
infrequently find, in addition to a bony atresia, retracted osseous 
cicatrices on the mastoid process. 

3. By the coalescence of large granulations which arise from 
the walls of the osseous and cartilaginous meatus and completely 
fill its lumen, and which are deprived of their epithelium owing 
to continued contact. In these cases we also find that the 
connective tissue which occludes the canal becomes changed 
into a fibrous mass or osseous tissue. 

In a case of chronic otitis externa which had run its course, and which the 
author observed during the life of the patient and at the posl-morlC7n, tho 
osseous meatus was filled with a cystic, pigmented coimective-tissue mass. 
This mass had grown to the walls of the meatus and to the external surface 
of the membrana tympani, and left a fissure which extended along the posterior 
u'all to the membrana tympani. 

In a second case of chronic middle-car suppuration, combined with facial 
paralysis, in which a pedunculated polypus extended to the external auditory 
orifiec, the author found, at a later examination, an atresia of the meatus 
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caused by a complete adhesion of the growth with the walls of the canal 
AVhen the patient was first examined he refused operative removal of the 
polypus. 

The autopsy of this very rare case showed a mass of connective tissue 
which entirely filled the external meatus and superior tympanic cavity and 
extended into the vestibule, facial canal, internal auditory meatus, and* into 
the cranium. Several connective-tissue growths, varying from the size of a 
pea to a hazel-nut, were found beneath the dura in the posterior cranial fossa 
which were not only comiected with each other, but also with the mass of 
connective tissue coming from the internal meatus.* 

4. By traumatic lesions; by injuries from blows on the ear; 
from gunshot wounds, and poorly-united fractures of the external 
meatus; also by cauterizations, burns and ulcerations of the walls 
of the auditory canal. In these cases, the atresia is brought about 
either by contact of the denuded surfaces of the walls, or by the 
apposition of the granulations springing from the floor of the ulcer. 

5. By an operation on the mastoid process which is incorrectly 
carried out, especially by a poorly-performed radical operation. 
In these cases the membranous portion of the external canal is 
freed from the osseous part, arid if not properly treated causes a 
stricture or atresia of the entire canal. After a radical mastoid 
operation, if a plastic operation has not been performed, or 
poorly carried out, the external canal will become occluded and 
almost entirely closed. 

6. By a phlegmonous, peri-auricular inflammation extending 
into the auditory canal, with the formation of an adhesive 
connective-tissue mass in the cartilaginous meatus. 

A connective-tissue atresia is caused either by a membranous 
septum stretched across the external auditory orifice or osseous 
meatus, or by a long mass of connective tissue varying in 
thickness. A bony atresia, which is usually of considerable 
thickness, is most frequently situated at the internal part of the 
osseous meatus; it is rare to find such a bony mass blocking the 
entire canal. 

The objective symptoms of atresia vary according to its position 
and extent. In the connective-tissue, as well as in the osseous 
forms of atresia, the walls of the meatus gradually pass into the 
growth — i.e., without any sharp line of demarcation. This causes 
the meatus to appear as a j)alo gray or grayish-red glistening 
cul-de-sac. The further the atresia extends externally, the shorter 
apjDears the auditory canal. This fact is of importance in the 
diagnosis of this affection. Only when the atresia is located at 
the innermost part of the osseous meatus can the surface of the 
growth be mistaken for the membrana tympani. In pch cases, 
the following points suffice to establish the diagnosis: the ill- 
defined margins of the growth, the absence of the short process 

* A. Politzer, Anatom, tind Iclin. Studicn iiher die erworbenc Atrcsic des 
dusseren Gehorgangs. Wien. vied. Wochenschrift, 1890. 
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and handle of the malleus, and the shorter distance between 
the'deeper parts and the external auditory orifice as compared to 
the other side. 

It is necessary to carefully probe the atresia in order to ascer- 
tain whether we are dealing with a membranous, connective- 
tissue or osseous growth. Should the latter be the case, the 
parts feel as hard as bone. It is more difficult to differentiate 
between a membranous septum and a diffuse connective-tissue 
growth, especially if the membrane is somewhat thick and 
resistant. In such cases, examination with Siegle’s speculum 
helps us in arriving at a correct diagnosis, as we are thereby 
able to detect distinct excursions of the central and thinnest 
portion of the septum, if it is of a membranous character. 

The thickness of the atresia is sometimes ascertained through 
the hearing tests. In an osseous or extensive connective-tissue 
atresia, we usually find absolute deafness or a disturbance of 
hearing of a high degree, which is often accompanied by marked 
tinnitus. On the other hand, in a membranous atresia (septum 
formation) the hearing distance for speech may be almost normal. 
As the power of understanding loud speech is partly transmitted 
through the cranial bones, it is necessary when testing to employ 
a hearing-trumpet. It will generally be noticed in an osseous 
or extensive connective-tissue atresia that the words spoken 
through the trumpet will either be understood with difficulty or 
not at all. On the other hand, in those cases in which there is a 
rather thin membranous atresia, even soft, low speech can be well 
understood, providing the middle ear and labyrinth have not 
undergone any great changes. In those cases, therefore, in which 
whispered speech is understood through the hearing-trumpet, 
it is quite probable that the septum is very thin. In such cases 
we would, without any hesitation, resort to the operative removal 
of the atresia. In those patients, however, where speech is not 
understood with the aid of the hearing-trumpet — in other words, 
where we are dealing with an extensive atresia — the operative 
procedure of cutting through the same and introducing cannulas, 
as well as leaden plugs, is generally unsuccessful. 

In a girl twelve years of age who, in her second year, developed a left, and 
in her fourth year a right-sided olorrhoea, and in whom the discharge ceased 
at the ago of nine, examination showed a sjnnmetrical cul-de-sac closure of 
both auditory canals, which was located almost in the middle of the osseous 
section (compare diagrammatic sketch of the right meatus in Fig. 103). The 
deeper parts u’crc yellowish-white, which, on being probed, were somewhat 
resistant. Tlic hearing distance, right and left, for the acoumeter was 1 cm., 
for loud speech 15 cm.; whispered speech, tlrrough the hearing-trumpet, was 
verj’’ wcU heard in both ears. 

Encouraged by the results of these tests, the author divided the septum with 
a paracentesis knife. Li the right ear a considerable improvement in the 
hearing immediately followed, and the patient was able to hear the acoumeter 
at S cm., and speech at 5 m. In the left ear, however, the septum proved to 
bo disproportionately thicker and ipore resistant, and the improvement in the 
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liearing was comparatively slighter. After the operation, to prevent the 
repeated growth of the atresia, leaden plugs* were introduced and allowed to 
remain almost continually for several weeks. The following result was 
obtained: On the right side the opening remained persistent tlurougli cpider- 
mization of the edges of the septum, and a permanent improvement in the 
hearing ensued; on the left side, a slight reaction took place at the seat of 
operation, and, at a later date, the meatus again became occluded. The 
author has obtained similar good results in a number of cases in which he 
used the galvano-cautery to perforate a connective-tissue atresia. 

A connective-tissue atresia, which takes in a larger part of the meatus, 
can be removed successfully only by operative means, provided that the 
connective-tissue mass, which fills the meatus, docs not extend into the 
tympanic cavity. Therefore an operative measure should be decided upon 
only when, by the aid of the tuning fork tests, the auditory nerve is found to 
be intact; and when, by means of auscultation, air can be heard to enter the 

tympanic cavity during catheterization. 
The same al!50 applies to an osseous 
atresia of the meatus. 

In the case of a peasant boy operated 
on by tlic autlior at his clinic, the cheek 
and auditory canal were severed in con- 
sequence of a cut from a sabre on the, 
right side of the face; the injiuy healed 
by the fonnation of an atresia which 
extended from the external auditory 
orilice to the osseous meatus. In spite 
of the above, whispered speech was heard 
at several metres from the car. The 
operation consisted in the detaclunent of 
the auricle from its posterior insertion; 
the imperforate cartilagino-membranous 
meatus was then severed from its attach- 
. a. Cartilaginous meatus; 6, Septum montwith the osseous portion, whereupon 
in the osseous section; c, d, Pori- it was lifted out and cut off at the external 
pheral thickened part of the septum, auditory orifice. The membrana tjnnpani 

was perforated and covered with pus. In 
order to produce an auditory canal of sulficient widtli, a part of the posterior 
osseous wall was chiselled away, and to this bony surface two pedunculated 
flaps taken from the skin of the mastoid process were transplanted. The 
anterior, inferior, and superior walls of the meatus -were covered with Thiersch s 
skin-flaps taken from the leg, and after widening the external auditorj' orifice 
by means of two incisions into the concha, there was produced an auditory 
canal wliich remained permanently wide, and which was covered with epidermis. 
In spite of the perforation in the drum, the hearing distance for conversation 
speech was 6 ni. 

In a second case, a man in the thirties, an osseous atresia near the external 
auditory orifice developed from a chronic suppuration of the middle ear; it 
could be demonstrated that the atresia was not thick, inasmuch as the sound 
produced by air entering the tympanic cavity could be heard tlwough the 
imperforate part during catheterization of the Eustachian tube. After the 
osseous atresia was chiselled away, the inner part of the osseous meatus was 
found to be normal in width, a perforation was present in the membrana 
tympani, and the mucous membrane of the tympanic cavity was pale and dry. 
The surface of the wound was covered over by epidermis which sprang ftom 
the cutis of the cartilaginous meatus. The hearing distance for speech, whic 
was ^ metre before the operation, increased to 31- metres. 

* The introduction of correspondingly strong leaden tubes is preferable to 
that of leaden pegs, as the wearing of the former interferes but slightly wi 
the power of hearing. 
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Foreign Bodies in the Ear. 

Foreign bodies in the meatus are most frequently seen in 
children, who insert various articles as peas, beans, pieces of 
paper, cherry-stones, coffee-beans, carob-stones, pebbles, glass 
beads, wooden balls, fruit-stones, sealing-wax, slate pencils, 
metallic buttons, shot, and so forth, into their ears. In the case of 
adults, the entrance of a foreign body into the meatus is generally 
aBcidental. According to the author’s observations, pieces of 
camphor and garlic are more frequently met with than any other 
foreign bodies in the ear. This is explained by the fact that they 
are often introduced by the laity to relieve the pain of tooth- and 
ear-ache. Other foreign bodies found in the external canal are 
those used for scratching the walls of the auditory canal; among 
such one finds the hone or porcelain heads of small lead pencils, 
rolls of paper, toothpicks, matches, and earpicks. Besides these, 
pellets of cotton, leaves, small branches and roots, as well as 
grains of wheat, millet, harley, and oats, are also often found. 

Symptoms. — The symptoms produced by foreign bodies are 
usually very slight, or entirely absent; indeed, experience has 
shown that the ill-effects which arise are due (with but few excep- 
tions) to the unskilful attempts at extraction by the inexperienced 
practitioner. 

In a considerable number of patients examined for other disorders of hearing, 
the author found the greatest variety of articles in the auditory canal, of which 
the patient had not the slightest idea, and which must have been in the 
meatus for some time. The author once found the piece of a slate pencil, 
3 cm. long, in the car of a patient who was seventy j^ears of age. which, 
according to his o^vn statement, had been in the meatus for fifty years. As 
tlie patient cxperienced^^o discomfort, he allowed it to remain until deafness, 
caused by a ceruminous plug, induced him to seek medical advice. In one of 
the author’s students he removed a piece of lead pencil I cm. long, which liad 
been in the ear twenty-two years. In this case the patient believed that the 
foreign bodj’- had fallen out soon after it had been inserted. Brown found in 
both meatuses of a boy several pebbles which liad remained there for seven 
years. In a case reported by Lucao, a cherry-stone had been in the ear for 
forty years, and in a case of Zaufal’s for forty-two years. Reim removed a 
molar tooth which had been in the ear for forty years, Maschal a coral rosary 
bead which had been in the meatus for forty-five j’^ears, and JIarian a glass 
pearl from the ear of a peasant which had been there since childhood. Bacon, 
Pritchard, Gomperz, and others, have recorded similar cases in which foreign 
bodies have remained in the car for many years. 

Sometimes foreign bodies cause not only violent reflex pheno- 
mena due to irritation of the trigeminus and vagus nerves, but 
also persistent, general nervous attacks, which disappear onl}’’ 
after removal of the foreign bod3n 

The literature on diseases of the ear abounds with cases 
of this nature, a few of the most interesting of which the author 
will mention here. Fabricius v. Hilden* cured a girl suffering 
* Politzer, GeschicJite der Ohrenheilk., vol. i., p. 153. 
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from epilepsy, dry cough, hemianaesthesia and atrophy of the 
left arm by the removal of a glass head which had remained in 
the meatus eight years. According to Frey and Fuchs (Arbeiien 
aus clem Neurologischen Imtiiut in Wien, vol. xiii.), epileptic 
attacks are induced in children and in predisposed individuals by 
foreign bodies in the ear and nose. Arnold (cited by Moos) 
found that two beans in the ear of a girl were the cause of a 
persistent cough associated with frequent vomiting; after removal 
of these bodies the symptoms vanished, and she was absolutely 
cured. In a case reported by Toynbee {loc. eit.) an obstinate 
cough ceased after the removal of a sequestrum. 

As a rule, the ill-effects of foreign bodies are produced by 
irrational and forcible attempts at extraction. As a result the 
meatus, and sometimes the memhrana tympani, are not only 
injured, but the body, which is generally situated in the carti- 
laginous section, is driven into the osseous meatus, and is either 
impacted in the narrowest part of the latter or, after rupture of the 
memhrana tympani, is forced into the middle ear. 

Through such manipulations, Avhich are usually combined with 
marked hajmorrhage, a painful traumatic otitis externa, and some- 
times a suppurative inflammation of the middle ear, are pro- 
duced. As a result of this, the meatus becomes so narrowed 
through swelling and the formation of granulations that the 
foreign body is hidden from view, and its removal is either 
rendered very difficult or quite impossible. 

In the course of such inflammations, the swelling in the meatus 
may either recede spontaneously or through proper treatment, 
thereby facilitating the operative removal of the foreign body. 
Very often, however, the inflammation and suppuration are kept 
up so long by the retained body that it is eittier discharged spon- 
taneously wdth the pus or is easily extracted. Where the lesion 
and inflammation are confined to the external meatus, a cure 
generally follows, even if the affection has existed a long time. 
On the other hand, when the memhrana tympani is injured and a 
suppuration of the middle ear is thereby set up, extensive destruc- 
tion of the membrane ■svith a high degree of deafness, and even 
facial paralysis (Stacke), may result. In addition to these sequels 
severe, persistent tinnitus, hypersesthesia acustica, and con- 
tinuous headache were observed in one of the author’s cases. 

That unskilful attempts at extraction may also cause serious 
complications by injuring the walls of the cavum tympani and 
labyrinth is proved by tlie fatal cases of meningitis, abscess of 
the brain, and sinus thrombosis which have been reported from 
time to time (Sabatier, Frankl, Wendt, Lucae, Zaufal, Moos, 
Lewd, and others). 

Diagnosis. — When making an examination, we must farst 
ascertain whether a foreign body is present, as it not infie- 
quently happens, especially in children wdio admit having m- 
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serted some article into the ear, that nothing can be found. In 
several cases of this kind, the author has seen the meatus and 
membrana tympani injured by a previous blind attempt at 
extraction. Pilcher (cited by Th. Barr) and Szokalski have even 
observed a fatal meningitis and erosion of the carotid artery 
result from such attempts, and Lucae saw in one case complete 
deafness follow injury and caries of the inner tympanic wall. 

After having established the presence of the foreign body, wo 
should next try to ascertain its size, form, consistency, and posi- 
tion. Frequently a glance is all that is required to recognize the 
body. Very often, however, especiall}’’ if the foreign body lies in 
the deeper parts of the meatus and is covered by a hasmorrhagic 
exudate and secretion, the diagnosis is very difficult; this at 
times is made even more so, as children are often unable to state 
what kind of a body they have inserted into the meatus. If a 
part of the foreign body is visible, we should ascertain its nature 
by means of a probe, whether it is hard (stone, glass, metal) or 
whether it is soft and yielding (beans, peas, carob-stone). 

Treatment. — The extraction of a foreign body depends on its 
seat, consistency, size and form, and on the condition of the 
meatus at the first examination; in other words, whether no 
attempts at extraction have been previously made, or whether 
the meatus has been injured by such attempts, and has become 
inflamed and narrowed. 

The removal of a foreign body from the ear is. as a rule, very 
easy, provided that no obstacle has been created by a previous 
faulty attempt at extraction. The latter occurrence is, unfor- 
tunately, so often the case that, according to the author’s 
observations, hardly 10 per cent, of the cases which come to 
the specialist are untouched. In the great majority of cases, 
the over-anxious relatives, or physicians unfamiliar with aural 
affections, push the foreign body into the deeper parts, where 
it becomes impacted and injures the meatus and membrana 
tjnnpani. 

The surest method of removing foreign bodies, and the one 
most certain of success, is the forcible injection of lukewarm 
water b}'^ means of a large syringe, to the end of which a small 
piece of india-rubber tubing is attached. By inserting the nozzle 
with this attachment as far as the foreign body, the strength of 
the current is considerably increased, and the bod3’- is more 
quiekl^y and surelj'- washed out. When heav}’- bodies lie in the 
meatus — for example, grains of shot — ^^^olto'lini and Hedinger 
recommend that the injections should be carried out with the 
patient l3’-ing on his back and the head inclined backwards; 133’’ 
this manipulation the foreign bod3’ is supposed to be more easily 
dislodged from the sinus formed b3’- the drum membrane and the 
inferior wall of the meatus [sinus of ilic inferior wall). The 
removal of a bod3’' b3’’ S3’’riuging is often rendered easier b3" 
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previously instilling oil or glycerine (Noquet). When foreign 
bodies which absorb moisture (peas, beans) become impacted 
the repeated instillation of alcohol before syringing has proved 
of great service to the author. 

If the body is so firmly fixed in the auditory canal that it 
cannot be removed by forcible injections, we may try the agglu- 
tinative method of Mesue* and Ldwenberg before resorting to an 
operative procedure. This consists in first drying the foreign 
body and then dipping a camel-hair brush of medium size into 
a concentrated solution of glue, which is introduced into the 
meatus until it comes into contact with the body. When this 
thick fluid has dried, the brush adheres so strongly to the body 
that it can often be removed, provided the resistance is not too 
great. This procedure is especially applicable to bodies liable 
to swell, to wooden balls, and to cherry-stones, but cannot be 
employed if there is inflammatory secretion in the meatus, as this 
interferes with the drying process of the glue. For pebbles, 
freshly prepared cement is preferable to glue. If a glass or steel 
bead becomes impacted with its opening directed outwards, 
Lucae recommends the introduction of a small moist laminaria 
tent into its lumen; after half an hour the bead, w'hich is sup- 
posed to be attached to the expanded tent, is removed. G. 
Alexander removed an iron ball from the meatus with a magnet. 

Operative Methods. — In reference to the operative removal 
of foreign bodies, no fixed rule can be laid dowm as to what pro- 
cedure to adopt when forcible injections have proved of no avail; 
the reason for this is that the method to be employed is governed 
by a number of circumstances which vary in each individual case. 
Given the fact that the shape of the meatus, its width and 
curvature, present manifold variations, the relations of the foreign 
body are still more modified by its size, form, consistency and 
position, as well as by the possible occurrence of inflammation, 
swelling, and stricture of the canal; therefore in every case the 
treatment is determined by a correct judgment of the circum- 
stances, and here, more than elsewhere, the acuteness of the 
physician is the leading factor in the success of the operation. 

In every case in which previous attempts at extraction have 
been without avail, the physician must well consider whether 
he should immediately resort to operative measures, or whether 
he should wait until more favourable circumstances present 
themselves. If the chances are favourable for its operative 
removal, it is better to begin at once, especially if the meatus has 
been injured by previous attempts at extraction, because tie 
inflammation set up by the foreign body may take an unfavour- 
able course. In like manner, immediate operation is iimica e 
in those cases in which a persistent cough or other troublesome 
reflex symptoms are produced by the presence of the foreign bo y. 

* Politzer, Geschichte der Olirenheilk., vol. i., p- 43. 
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It is only advisable to keep the patient under observation in 
those cases in which the operative procedure is made difficult by 
a deeply seated foreign body and a simultaneous inflammatory 
narrowing of the meatus, and in which no dangerous symptoms 
are present. In such cases, we should first try to relieve the 
swelling in the meatus by the application of cold compresses and 
wet dressings of Burow’s solution, and by the introduction of 
powdered boracic acid, or boracic alcohol, and only when the 
inflammatory swelling has subsided and the 
body has become visible should steps be taken 
for its removal. When dealing with compli- 
cated cases, especially in children, it is better 
to undertake the operative removal of the body 
under slight general amesthesia. 

If the body — e.g., a pea, bean, swollen carob- 
stone, or wooden ball — is impacted in the 
narrowest part of the auditory canal, or is 
firmly and immovably situated before or 
behind the isthmus owing to great swelling 
and pressure against the walls of the meatus, 
the extraction is best accomplished by means 
of a strong curved hook (Fig. 104), or a firm 
needle, the lance-like point of which is placed 
at right angles to its long axis (Fig. 105). The 
smallest sharp spoons, which are used to 
remove granulations from Prussak’s space, 
have also proved of advantage to the author 
in the removal of foreign bodies. 

When a body is impacted at the commence- 
ment of the osseous meatus, the instrument, 
fixed] to a handle, is introduced in such a 
manner that the hook or needle is placed in a 
horizontal position, and is inserted between 
the foreign body and the superior wall of the meatus. It is now 
gently pushed backwards behind the foreign bodj’-, whereupon 
the instrument is turned in such a manner that its point is 
directed downwards. The handle is lifted upwards so that the 
point of the hook or needle may deeply penetrate the foreign 
bodj'^; if these precautions are carried out, the body is most 
easily removed from the auditory canal. When the foreign 
body is situated at the inner portion of the osseous meatus, 
it is better to introduce the hook between the body and the 
anterior inferior wall of the auditory canal; this precaution is 
of value, because, if it is introduced along the superior wall, the 
posterior superior part of the membrana tympani might easil}’^ be 
injured. 

Burning the foreign bodj- with the galvano-cauteiy, as recom- 
mended b}' Voltolini, is applicable onl}* in exceptional cases; 
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this is not very practicable owing to the extreme pain caused 
by the procedure, and to the harmful influence which the long- 
continued radiating heat has on the walls of the meatus. 

Our manner of procedure is essentially different in the 
O case of hard bodies — e.g., pebbles, glass beads, pieces of 
slate pencils, cherry-stones, etc. — than with those liable 
to swell. _ If the body is impacted in the cartilaginous 
meatus, its removal is, in the majority of cases, very 
easily accomplished if we insert a slightly curved or 
hook-shaped probe behind the body. 

Of the instruments recommended for the removal of 
foreign bodies, the author has found the fenestrated 
curette (Fig. 106), the scoop-shaped steel lever of 
Zaufal, the blunt hook of Lister, the fenestrated 
forceps of Guye, and the gouge forceps devised by 
himself as being the most useful. The author must 
call attention to the fact that the use of the ordinary 
forceps is to be avoided, as they usually wedge tbe 
foreign bod}'- into the meatus more firmly. 

The operative removal of hard bodies when they are 
situated in the narrowest part of the auditory canal or 
behind the isthmus, or have been driven into tbe 
tympanic cavity, is much more difficult. This applies 
especially to those irregular bodies, such as pebbles, 
pieces of slate pencils, glass beads, etc., which in certain 
positions easily pass the narrowest part of the canal, 
and on the slightest movement of the body so change 
their position that their long diameter is at right angles 
to the axis of the meatus. 

The removal of such bodies from the deeper parts of 
the meatus, as Avell as the choice of one of the instru- 
ments already mentioned, depends on the size and 
position of the body, and on the relative capacity of 
the meatus. In a number of cases, the extraction is 
very easily accomplished if we are able to loosen the 
body by careful manipulation with the probe, and 
thereby change its position. 

On the other hand, in other cases in which all attempts 
at extraction are fruitless, the removal must be postponed 
until the conditions are more favourable. In extreme 
cases, however, when dangerous symptoms, such as m- 
creased temperature, labyrinthine and brain symptoms, 
Ftg. lOG. vomiting, optic neuritis or choked disc appear, the re- 
moval of the foreign body must not be delayed ; the auricle 
and posterior wall of the cartilaginous section must be detached, 
and, if necessary, the posterior wall of the osseous meatus must 
be chiselled away. According to Schwartze (A. /. 0., vol. Ixx.), 
long- continued pain is an indication for an operative procedure. 
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At times foreign bodies wliich have forced their way into the tympanic 
cavity do not set up any reaction (liard rubber plugs). Sometimes, however, 
they bring about violent inflammatory reaction, dizziness and nervous head- 
ache. If it is impossible in these cases to bring the foreign bodies into the 
meatus by the use of probes, small levers and injections per inbam, nothing 
remains but to detach the auricle, and eventually to chisel away the posterior 
wall of the meatus and the external wall of the attic. V. Troltsch removed 
a metal ball from the tympanic cavitj^ by means of Wilde’s snare. 

In a few cases, foreign bodies have been knovni to enter the tympanic 
cavity from the naso-pharynx. Urbantschitsch {Berl. Min. Worli., 1878) 
saw an oat-husk make its appearance in the external meatus after it had 
passed up the tube into the tympanic cavity.* SchaUe {ibid., 1878) reported 
a case in which, during a nasal douche by means of a vulcanite s^n-inge, a 
detached fragment of the latter entered the tympanic cavity, where it sot up an 
acute suppuration, and was removed by incision of the tympanic membrane. 

Wagenhausor reported the case of a boy, six years of age, in whom a piece 
of straw passed along the tube into the tympanic cavity, where it set up an 
ichorous suppuration of the middle ear, which rapidly subsided after removal 
of the foreign body. 

Before leaving the subject of foreign bodies, we must still 
mention insects (such as flies, fleas, bed-bugs, beetles, cock- 
roaches, etc.) which find their way into the auditory canal. They 
not infrequently stick in the cerumen, and die in the ear without 
causing any unpleasant symptoms. 

Where, on the other hand, the living insects reach the osseous 
meatus, and thence make their way to the membrana tympani, 
they often produce the most violent pains and noises in addition 
to headache, convulsions and vomiting. 

In such cases the insects in the meatus are most rapidly killed 
by the instillation of oil, after which the ear is washed out with 
warm water. 

Under foreign bodies, we must still mention the larvas of insects 
and maggots; these sometimes develop, especially during the 
summer, in children with a neglected, offensive suppuration of 
the middle ear, less often, hoAvever, with a secretory otitis externa 
without perforation of the membrana tympani. They often 
exist for a long time without causing any marked symptoms, 
but at times they have been known to produce severe pains, 
and even delirium. Larvfe are best removed by the instillation 
of oil or glycerine, to which a few drops of petroleum, turpentine 
or ethereal oil have been added. Several minutes after the 
instillation, the larvaj leave their place of abode and crawl 
out into the meatus, whereupon they can be removed by hot 
irrigations. 

* Pifll {A.f. O., vol. Ixxii.) saw a fatal termination as the result of a blade 
of grass boring its way through the walls of the Eustachian tube. 
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II. 

THE DISEASES OF THE MIDDLE EAR. 

The Diseases of the Membrana Tympani. 

Pathological changes in the membrana tympani develop either 
primarily in the membrane itself or secondary to diseases of the 
external and middle ear. 

Histological Changes in the Membrana Tympani. 

I. Changes in the Epidermic Layer of the Membrana 

Tympani. 

In acute inflammations, the epidermic layer of the drum mem- 
brane — owing to serous effusion — becomes loosened, puckered, 
cloudy and opaque; further, this layer becomes covered with 
ecchymoses wdiich exude from the cuticular layer, and often 
raise it in the form of bullm. As a rule, after the inflammatory 
process has run its course the macerated epidermis is cast off, 
and^a rapid regeneration of the epithelial tissue takes place. 

In chronic inflammation of the membrana tympani one often 
sees an enormous thickening and growth 
of the epithelial layer; this is especially 
the case as a sequel to a chronic otitis 
externa and chronic eczema, and after an 
otitis media suppurativa has run its course 
(otitis desquamativa, Buck). The detached 
epidermic masses consist of swollen and 
fatty epidermic cells, and of free fat globules 
and debris, in wdiich one very often finds 
Fig. 107 . — Globular cholesterine crystals and pigment. 

Pearly Growths on cases, circumscribed hyper- 

TYJirrmoFryJ^G trophy and cornification of the epidermic 
HIan who had mvD layer take place, or, as in a case observed 
AN Affection of the by the author, a pointed, horny growth 
Ear for a Year; a formed which could not be detached from 
i™ taSwBT *'« membrana tympani. In course of 
FERioR Quadrant. chronic inflammations 01 the miadie ear, 
small, pearl-like nodules containing epi- 
thelial cells are sometimes formed on the membrana tympani 
and in the external meatus (Urbantschitsch). According to the 
author’s observations, such conditions are by no means rare after 
a suppuration of the middle ear has run its course. 

The author observed on the superior half of the membrana 
tympani, in a case of middle-ear suppuration which had run its 
course (Fig. 107), eight pearl-like protuberances of a bright 
lustre, which were the size of a pin’s head. On probing they 
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proved to be hard and firmly attached to the mombrana tympani; 
after these nodules had burst, their contents were examined, and 
found to contain cholesterine crystals and fine-celled detritus. 
Grunert observed the formation of a cholesteatoma, the size of a 
pin’s head, in a cicatrix following a paracentesis. Kiipper saw, 
in a phthisical patient, a cholesteatoma 1 -5 mm. in size situated 
in front of the umbo. 

The opacity of the membrana tympani caused by loosening of 
the epidermic layer and that brought about by cloudiness of the 
mucous membrane layer is differentiated by the fact that the 
handle of the malleus is distinctly visible in the latter case. If, 
on the other hand, the epidermic thickening be ever so slight, 
the manubrium is not well defined, and should this thickening 
increase, even its outline is absolutely invisible. To further sup- 
port the differential diagnosis, the membrana tympani, in the 
latter case, appears either flat or uneven, and the boundary 
between it and the auditory canal is obliterated. 

II. Changes in the Cuticular Layer of the Membrana 

Tympani. 

Hypepaemia and Hsomorrhage of the Cuticular Layer. 

The vessels of the membrana tympani, which are invisible in 
the normal state, become quite clear when there is a marked 
hyperajmia; such a hyperaemia may be caused by irritation or 
inflammation, and may affect either individual parts or the whole 
of the membrane. In the normal state, a marked hyperaemia 
can even be produced by a long-continued examination with the 
speculum, or by mechanical irritation of the meatus. Hyperaemia 
of the membrane is often accompanied by a simultaneous hjqeer- 
aemia of the lining of the meatus, but more frequently by a similar 
condition of the mucous membrane of the tympanic cavit 5 ^ 

Hyperaemia of the membrana tj'^mpani always begins with a 
congestion of the boodvessels running along the handle of the 
malleus. These vessels, which extend as a red band to the umbo, 
and which are generally in communication with the injected 
vessels of the superior wall of the meatus, often cover the manu- 
brium so completely that its location is recognized only by their 
congestion.* If the congestion of the vessels increases, the 
vascular wreath, situated near the peripherj’- of the membrane, 
also becomes injected, and radiating branches extending from 
here towards the centre of the membrane are seen to anastomose 
with the vessels extending along the handle of the malleus. 
Finally, if the lij’-peroBmia still increases in intensity, the capillary 
meshes of the cuticular and mucous membrane layers become so 

* Compare A. Politzer, Bdcuchtiivgshildcr des TrommclfcUs, 18G5, and 
Atlas der Bclcnchtimgshildcr dcs Tromviclfdls, ISOS, Plate I., 13 and 14. 
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of the substantia propria is sometimes unaltered; more often, 
however, through serous exudation, this layer appears loosened 
and soft, its fibres being pressed apart and infiltrated with round 
cells. 

The tissue changes in chronic inflammations are more stri kin g; 
this is especiallj'- noticeable in the course of a chronic middle-ear 
suppuration in which a large quantity of exudate is effused 
into the substantia propria from the surrounding inflamed layers. 
Such an infiltration in the membrana tympani appears as an 
ill-defined, jmllowish plaque as long as the suppuration lasts; as 
soon as the formation of 23us ceases, however, it assumes the 
appearance of a chalky, grayish-white, sharply-defined spot. In 
an adhesive process which has developed after an exhausted 
middle-ear suppuration, the membrana tympani becomes thick- 
ened and rigid ; this is due to a hypertrophy of its layers. 

The exudate in the substantia propria is capable of complete 
absorption; often, however, owing to the slight vascularity of 
this la 3 fer, traces of exudation remain which undergo calcareous 
metamorphosis. These calcareous deposits .are among the most 
common pathological changes seen on the membrana tympani. 
They occur most frequently in the course of a chronic suppuration 
of the middle ear, less often in acute catarrh running its course 
without the formation of pus. When the chalk deposit is not 
very thick, which signifies that an amorphous mass is located 
between the fibres and corpuscles of the membrana tympani, the 
change is confined to the substantia propria; if, on the other 
hand, the deposit is of considerable thickness, the internal and 
external layers of the drum membrane are involved in the process 
of calcification. In extreme cases, the thickness of the membrane 
is increased to several times that of the normal; the external 
surface is smooth, while the internal is uneven, and appears as 
if it were covered with an uneven layer of ifiaster of Paris. If 
such membranes are touched with the jmobe, they feel hard 
and non-resistant, similar to an egg-shell. As a rule, the peri- 
phery of the drum membrane is not involved in the process of 
calcification. 

When the membrana tymiiani is considerably thickened, its 
fibres, which are here and there completely changed, are infil- 
trated with minute fat globules and punctiform nuclei, so that 
in microscopic sections the three layers can no longer be dis- 
tinguished. V. Troltsch found in one case crystallized chalk 
deposits; Bauer, in the membrane of hemicephalic individuals, 
crystals of phosphate of lime. Besides the above, one some- 
times finds in the calcified portions black or blackish-brown 
pigment (Toynbee) arranged either in round groups or bands, 
or adhering to spindle or star-shaped cells; in addition to tins 
pigment, there is a variable amount of fat globules. 

The occurrence of osseous new^ growths in the human drum 
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membrane was described by the author in the year 1862,* and 
later confirmed by Wendt, Habermann and Gruber. In a case 
which the author had occasion to observe, he found in the calcified 
membrana tympani of a young man who died of tuberculosis, 
and who had a discharge from the right ear for some time, a true 
osseous growth, 0-5 mm. in size, behind the handle of the malleus 
(Fig. 110). 



Fia. 110. — Osseous New Formation in the Membrana Tympani of a 
Young Man who died of Pulmonary Tuberpulosis. 

Wendt found a reddish, uneven cholesteatoma on the inner 
surface of a perforated membrana tympani; this mass had a 
golden lustre, and, according to this author, developed from the 
substantia propria and the endothelial sheaths. Hinton observed 
a lamellar cholesteatoma, the size of a pea, above the short process 
of the hammer. A. H. Buckf reported a case of interlamellar 
cyst in the membrana tympani. 

Changes in the Mucous Membrane Layer of the Membrana 

Tympani. 

In acute inflammations, hjqierfemia of the dense vascular 
network of the mucous membrane la3’^er is accompanied bj’^ a 
simultaneous congestion of the cuticular layer. Ecchymoses 
in the mucous membrane are most frequentl}' observed in 
primaiy, acute inflammations, and in concussions of the mem- 
brana tympani. With the process of repair, thej" maj’ either 
completl}’- disappear or remain as pigmented spots. | Extensivelj* 
varicosed, hmiphatic vessels with saccular expansions have been 

* Cp. the author’s treatise, Zur ‘pathdoghclicn Arifitounc dcr Trommdfcll- 
rvhiingcn wid deren Bedeviling fiir die Diagnostik dcr Gchorlrankhcitcn. 
Ocslerr. ZciUichriJi J. jyr. Hcilk., "lSG2. 

t Medical Record, vol. vii., and Roosn’s Diseases of the Ear. p. 222. 

$ Wendt observed, in patients suffering from variola, the occurrence of 
small hreniatomata in the mucous membrane of the membrana tympani. 
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observed by the author in the deeper layers of the mucous 
membrane of the middle ear. 

The exceedingly thin layer of connective tissue of the mucosa, 
inseparable from the substantia propria, may become hyper- 
trophied to such a 'degree through tumefaction, growth of round 
cells, and new formation of connective tissue, that the membrane 
becomes several times its normal thickness. In chronic sup- 
puration of the middle ear, the increase in thickness of the 
mucosa leads to adhesion of the membrana tympani to the inner 
tympanic wall ; if, however, adhesion does not take place, it leads 
to thickening of the membrane. In several specimens the author 
found only the fibrous frame-work of tbe mucous membrane layer 
hypertrophied {vide p. 21), and projecting, in the form of a ridge, 
above the level of the imrer surface of the membrane. In addition, 
especially in suppurative inflammations of the middle ear, papil- 
lary excrescences, large polypoid growths, pedunculated cysts of 
microscopic size, as well as diffused and circumscribed whitish 
or pigmented deposits which undergo calcareous metamorphosis, 
develop in circumscrilred parts of the membrane. In one case 
Lucae found carbonate of lime crystals in the drum membrane. 

Tubercles in the substantia propria of the membrana tympani 
appear as yellowish-red spots a little larger than a pin’s head 
(Schwartze,* Politzerf). 

Baratoux is supposed to have observed in a case of syphilis, 
besides several small gummata on the face and auricle, a small 
opalescent gumma on the membrana tympani behind the 
malleus. The case was kept under observation, and at a later 
period the gumma broke down. Kirschner saw a syphilitic 
ulcer on the membrana tympani. Lang and Triguet observed 
papules, with a perforating destruction of the membrana tympani; 
Todd saw an aneurismal new formation of bloodvessels, Buck a 
cavernous angioma, and Wagenhausen a nrevus cutaneous venosus 
which extended to the drum membrane. 

The anomalies in transparency and colour, the disturbances 
in continuity, the healing process of perforations, and the 
anomalies of curvature, will be fully discussed in the chapters 
on the different forms of disease of the middle ear. 

Inflammations of the Membrana Tympani. 

I. Primary Acute inflammation of the Membrana tympani. 

(Myringitis acuta.) 

Primary acute inflammation of the membrana tympani affects 
either the entire structure, or it confines itself to a localized area. 
The inflammation is usually most marked in the posterior half 

* Handhuch der path Anat., by E. lOebs, 1878. 

t Politzer, Atlas der Belevchtungshilder des Trommelfells, 1898, Plate 
Figs. 8^and 9. 
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of ilie membrane; only rarely does the immediately adjoining 
portion of the posterior superior wall of the meatus become simul- 
taneously involved in the inflammatory process. The cause of a 
primary myringitis is often unknown. It occasionally develops 
after the action of a cold wind upon the ear, after cold baths and 
douches, after sea-baths, after a traumatism, and in children 
during the course of an acute naso-pharyngeal catarrh. The 
inflammations of the drum membrane, brought about by scalds, 
instillations of irritating and cauterizing substances (chloroform, 
acids, etc.), or by fungous growths, are generally combined with 
otitis externa. 

The hitherto accepted fact that myringitis is always caused by 
inflammation-producing micro-organisms has been disproved by 
investigations at the author’s clinic. In a number of cases of 



Fro. 111. — A Bur.LA the Size of 
A Hemp-Seed in Front of the 
Umro. From a ]\[an, 24 Years of 
Age, who iud had an Inflamma- 
tion of the Membrana Tympani 
FOR Two Days. 
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Fig. 112. — Tr.\nsparent, Glisten- 
ing, Pearly Bdlla in the Pos- 
terior Inferior Quadrant of 
the Membrana Tymp.vni of a 
Young Man who had an Infiam- 
suTioN FOR 18 Hours. 


On tlic third day o£ the disease the 
bnlln disappeared, the membrana tym- 
pani nna dim and covered herc and 
there with black ccohymotic spots; 
on the fourth day the power of hear- 
ing, which was only slightly lessened 
during the existence of the bulla, was 
again completely normal. 


Hearing distance only slightly de- 
creased. On the next day the bulla 
had disappeared. 


primary myringitis, H. Neumann and Euttin found that the con- 
tents of the serous bulla3 w'ere sterile. In such cases, therefore, 
the bullai formation might be looked upon as a herpetic eruption. 
In other cases t here were found streptococci and pseudo-diphther- 
itic bacilli combined with staphylococci. 

Condition of the Membrana Tympani. — Acute myringitis 
begins with great h3’^pera3mia of the external laj’er of the inem- 
brana tvmpani, which is very soon followed by an exudation into 
its deeper tissue. 

The milder forms of in^'i'ingitis are chieflj" confined to the 
superficial laj’ors of the cutis. When the inflammation is slight 
there occurs, simultaneous^ with a redness of the osseous meatus. 
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a diffuse, vascular injection covering the manubrium, and a 
serous infiltration of the cuticular layer with scattered, irregular 
ecchymoses; or one or more transparent bullae the size of a 
hemp-seed filled with serous fluid are formed, the lustre and 
transparency of which give them the appearance of fine mother- 
of-pearl (myringitis bullosa) (Figs. Ill and 112). The occur- 
rence of haemorrhagic bullae on the membrana tympani is most 
frequently seen in the otitis due to influenza. In a case exam- 
ined by the author (Pig. 113), the cherry-red, oval bulla was 
situated on the posterior fold of the membrane; in another 
case, the dark red tumour occupied the entire posterior superior 
segment of the membrane. 

The duration of such bullae is generally short; they frequently 
rupture a few' hours after their formation, or disappear through 



Fig. 113. — Dark Red HiEMoBiimvoio 

BULmV UPON THE PoSTEBIOK FOED 
OE THE I\IE^rBRANA TyAIPANI OF 

A Man 60 Years of Age, who 

SUFFERED FROM iNFtuAJIHATION 

FOR 24 Hours. 

On the third day a dry ccchymosis was 
visible on the site of the blister. 



Fig. 114. — Tense, Yellowish, Trans- 
parent, Lustrous BuliuV, involv- 
ing THE Posterior Superior 
Portion of the Membrana Tym- 
PANi. From a Man, 21 Years of 
Age, who had Myringitis for 
36 Hours. 

Two days after the first observation the 
bulla had disappeared without havmg 
burst. The hearing distance, which 
had been slightly lessened, was again 
normal after a short time. 


rapid absorption of their contents. In the former case a small 
quantity of Avatery or sanguineous fluid is discharged for a short 
time, and, at the spot where the bulla whs located, the membrana 
tympani is seen to be covered with a layer of ragged epidermis; 
it is pale gray in colour, the hyperiemia at and along the handle 
of the malleus is decreased, and small ecchymoses are seen 
around the spot where the bulla Avas situated. 

In the more severe forms of myringitis one sees large bm® 
and abscesses Avhich are mostly situated in the deeper layers of the 
cutis. They occur singly, or in groups, and may recede spon- 
taneously or burst, emptying their contents into the exteina 

meatus. _ • f 11 

In such cases, inspection shoAvs a SAvelling the size of a sma 
pea occupying the posterior superior portion of the membrane. 
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If the swelling contains serum (Fig. 114), it resembles a large 
transparent pearl of a ji'eHowish lustre; if, on <he other hand, the 
exudate is purulent, the swelling assumes (he appearance of a 
lustrous, non-transparent, yellowish-green hulla. If a more 
diffuse exudation takes place into the deeper strata of f he cut icular 
layer, the latter will he bulged forward in the form of a bluish- 
red, lustrous tumour, or as a swelling covered with a slightly 
torn and moistened epidermic layer, which at first shows great, 
resemblance to a polypoid growth. 

The seat of primary abscesses is usually in the posterior superior 
quadrant of the membrana tympani. In all the cases which 
have come under the author’s observation, he has on rare occasions 
seen small abscesses on the posterior inferior quadrant and on 
the anterior half of the membrane. They appear either as 
hemispherical, greenish, lustrous, non- 
transparent tumours, or as small, 
pointed, greenish jirominences sur- 
rounded by livid, infiltrated or ecchy- 
mosed tissue. If the abscess is incised 
with a paracentesis knife, a drop of pus 
will exude from the opening. 

The bulla3 and abscesses which arise 
in the posterior superior portion of the 
drum membrane generally make up the 
greater part of the tympanic picture; 
they spread over and cover not onl}’’ the' 
handle of the malleus, but also the 
anterior portion of the membrana 
tympani. The short process of the 
malleus generally remains visible as a 
white knob in front of and above the swelling: the surround- 
ing area is intensely reddened, ecchymotic, and resembles a 
pustule encircled by a red areola. In one case the author 
observed, on an inflamed membrana tympani, the formation 
of a bulla and an abscess at the same time (Fig. 115); the 
former disappeared on the third, the latter on the fourth day. 

Symptoms. — .\cute myringitis begins with violent, lancinat- 
ing pains radiating towards the vertex and the lateral region of 
the neck, and is sometimes accompanied by subjective noises and 
))ulsation. If the inflammation is confined to the superficial 
layers of the drum the pain generall 3 ’' lasts a short time, and ceases 
when bulla) make their appearance. If. on the other hand, exuda 
tion takes place into the deeper layers of the membrane, and the 
latter is bulged out as a bluish-red swelling towards the meatus, or 
if an abscess is formed, the pain becomes very severe, especialh' 
at night, and often continues intermit tenth’ for several days 
until the inflammation subsides. The formation of painless, 
acute abscesses in primarv mvringitis is rare. Occa=;ional 

17 



Fia. ll.'j. — Bullv axu 
Abscess ox the Right 
.Membhvxa Tv.mpaxi or 
A Youxg Max who inn 
had ax IxriAMMATIOX 
or the Jtr.MnRvxE rou 
24 Hours. 
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symptoms of primary myringitis are a feeling of fulness, pressure, 
and uneasiness in the ear, and often great sensitiveness'to noises! 
A slight pyrexia is observed in children, seldom in adults. 

The disturbance of hearing accompanying myringitis has no 
relation to the changes in the membrana tympani. If the hearing 
is tested at the stage when the exudation is most pronounced, 
one generally finds only a moderate decrease in the acuteness of 
hearing for the acoumeter and for whispered speech. In the acute 
inflammations of the membrana tympani the hearing is, as a rule, 
but slightly diminished. 

Course. — The course of acute primary myringitis is distin- 
guished from that of an acute otitis media by the more rapid 
decrease in the inflammatory phenomena, and by the much 
shorter duration of the process. In acute myringitis the normal 
condition is usually completely restored in three to four days; 
protracted, frequently relapsing cases are rare. The exudate 
in the supei'ficial layers of the membrane is either rapidly 
absorbed, or discharged into the auditory canal by the bursting 
of the epidermic layer. In the latter case, the place where the 
bulla was situated is covered by a gray, macerated epidermis, 
the vessels of the malleus are injected, and the surrounding area 
of the bulla is ecchymosed. After the bulla has burst there is 
generally a decrease in the hearing ; this is caused by the inflam- 
matory swelling extending from the membrane into the tympanic 
cavity. Bursting of the abscess into the cavum tympani is 
extremely rare. In one case, the author was able to diagnose this 
occurrence by the rapid disappearance of the abscess, and by the 
pronounced bulging of the collapsed swelling after an inflation of 
air. The communication between the emptied abscess and the 
tympanic cavity was proved by the fact that the exudate, which 
had collected in the lower part of the bulla, was separated from 
the air in the upper part by a grayish- white line.* 

Diagnosis. — The diagnosis of primary myringitis can be posi- 
tively made only if the case is seen during the first few days of 
the disease. It is principally based on the fact that, in spite of the 
marhed changes in the membrana tympani, the hearing distance 
is but slightly diminished. It is possible to confound it only 
with an acute otitis media. This is due to the fact that the 
inflammatory phenomena on the membrana tympani are not in- 
frequently similar to those of acute myringitis. A mistake is 
easily avoided, however, if "we bear in mind that in an acute 
otitis media a copious exudation takes place in the eayuni 
tympani even after the inflammation has existed a short tune, 
and that owing to this the hearing is diminished to a much 
greater degree. The diagnosis of primary myringitis is much 
more difficult if the first examination of the patient takes place 

* Cp. the author’s treatise, Uebcr Blasenhildiing und Exsudatsaclcc 
Trommelfclls, TP. med. TT^, 1872. Politzer’s Atlas, Plato I., Pig. 28. 
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ill .1 stage in which the inhainniatoiy process has extended into 
the tjnnpanic cavity and the Eustachian tube. In sucli cases, it 
is impossible to ascertain -whether the inflammation originall}’ 
began in tlie memhrana tympani or in the middle ear. 

Terminations. — Acute primarj’^ m5U'ingitis generally ends in 
recovery. Only in rare cases does a chronic inflammation and 
suppuration develop on the external surface of the membrane, 
which occasionally goes on to ulceration and perforation. A 
sequela more often met with is an inflammatory swelling of the 
lining membrane of the middle ear; this, however, passes away 
in a short time. From the foregoing, H. Neumann believes that 
it may be concluded that myringitis is often onl}’- the forerunner 
of a middle-ear catarrh. After the myringitis has run its course, a 
slight hyperajmia, radiating injection of the vessels and cloudiness 
of the membrane, together with continuous desquamation of the 
epidermic layer (myringUis sicca, de Rossi), may continue for 
some time. Changes which may persist in the memhrana tjunpani 
are finely striped, gray opacities, circumscribed calcareous 
spots, or patches of atrophic thinning having the appearance of 
cicatrices. 

Treatment. — In the beginning, the treatment of acute inflam- 
mation of the memhrana tympani is purely palliative — in fact, 
quite the same as in the acute stage of an otitis media acuta. 
We therefore refer the reader to the special chapter on the treat- 
ment of this latter disease. Only in those cases in which a very 
painful abscess forms in the membrana tympani should it bo 
opened with a paracentesis knife.* This very simple operation 
is therefore indicated in these cases, as it prevents the pus from 
breaking into the t3unpanic cavity. On the other hand, para- 
centesis is unnecessaiy in cases in which the globular bullre arc 
of a pearlj’^-gray lustre, and are transparent and filled with a serous 
fluid, because the.y cither quicklj’^ subside, or soon after their 
formation rupture spontaneously, discharging their contents into 
the meatus. In inflammations of the deeper hy’ers of the mem- 
brana tympani, in which it is bulged in the form of a bluish-red 
swelling, incisions should be made onlj- in those cases in which, on 
account of violent pain, a diminution in tension in the infiltrated 
portions of the membrane is rendered necessaiy. After the 
incision, the edges of the wound close quickly, and it is onl.v in 
rare cases that a protracted discharge of pus takes place. 

In acute myringitis the use of the air-douche is indicated onl^- 
when a rapid decrease in the hearing takes place after the pain 
has disappeared. From this fact we mav infer that the alTection 
is associated with a simultaneous swelling and secretion in the 
middle ear. In such cases, an inflation of air, after the method 
of the author, is generalh* suflicient to re-establish the hearing 

* Tlip details of p.ar.ncente<is of the membrana tvmiMiii will be given in 
the section on the 'lYcotment of Sero mucous Middle Ear Catarrh. 
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function, and should be continued once a day until the deafness 
disappears. In those rare forms of myringitis associated with 
purulent exudation on the membrane, frequent syringing with 
some cleansing solution, or with a normal saline solution, followed 
by the insufflation of a small quantity of finely-powdered boracic 
acid, is generally sufficient to stop the secretion.* 

II. Chronic Inflammation of the Membrana Tympani. 

(Myringitis chronica.) 

Etiology.— Chronic myringitis is a very rare disease of the ear. 
It arises from primary acute myringitis, and generally after an 
extensive inflammation of the cuticular layer. As a result of 
such an inflammation, especially in tubercular and cachectic in- 
dividuals, a permanent suppuration is established on the external 
surface of the membrana tympani. It sometimes occurs as an 
insidious affection, without any previous reactive phenomena. 
According to the author’s observations, it is more frequently a 
sequel of an otitis externa after the changes produced by the 
inflammation on the walls of the meatus have disappeared. In 
like manner, the author has repeatedly seen the symptoms of a 
chronic inflammation of the drum- membrane persist after the 
cessation of a middle-ear suppuration, and after the closure of a 
perforation. 

Chronic myringitis affects the entire surface of the membrane, 
but is sometimes, however, limited only to circumscribed parts. 
It is most frequently confined to the posterior superior portion, 
and next in frequency to the region of Shrapnell’s membrane. 
These localized inflammations are only seldom confined to the 
membrane alone; often a circumscribed portion of the immediately 
adjoining jDosterior superior wall of the osseous meatus is involved 
in the inflammatory process. 

Condition of the Membrana Tympani. — In the milder forms 
of diffuse myringitis the membrane appears grayish-white, moist 
and lustrous, covered with secretion, and studded wdth indistinct 
yellowish-white spots. Through the thin layer of secretion, the 
congested vessels of the manubrium and the processus brevis can 
still be plainly seen. On the other hand, Avhen proliferation and 
thickening of the epidermic layer take place, the membrane is 
covered with a whitish-yellow, non-transparent epidermic layer 
which completely masks the malleus, and which is removed with 
great difficulty by. syringing. In such cases the greatly swollen 
cuticular layer appears intensely congested, flattened and velvety 
after desquamation of the epidermis, and irregular reflections of 
light are seen scattered over its surface. When the epidermic 
layer is partially detached, the congested areas may be mistaken 
for ulcers of the membrana tympani. 

* For m^^ringitis crouposa, see the section on Otitis Externa Crouposa et 
Diphtheritica (p. 203). 
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Chronic myringitis sometimes leads to the formation of papillary 
excrescences {vide p. 261); they appear as light red papilla), the 
size of a pin’s head or hemp-seed, and may either occur singl3^ 
in groups (Pig. 11 G),* or in great numbers over the entire mem- 
brane. In the latter case, the membrane has the appearance of 
a purple raspberry, with numerous dots of light scattered over it. 
At times the papillary formation extends from the posterior 
superior quadrant of the membrane to the posterior superior 
wall of the osseous meatus. 

Diagnosis. — The changes perceptible on the drum membrane 
during an inflation of air are important for the diagnosis of 
primary chronic myringitis. When Valsalva’s method or that of 
the author is employed, the membrane becomes bulged outwards 
and the characteristic perforation sound is absent; the granulating 
surface is freely movable when examined 
with Siegle’s speculum. B.y this means 
chronic m3n'ingitis is differentiated from 
chronic suppuration of the middle ear 
accompanied by perforation of the mem- 
hrana tympani. In such cases an im- 
portant aid in diagnosis is further 
afforded us by means of the ausculta- 
tion tube, inasmuch as the auscultation 
sound indicating swelling and secretion 
in the middle ear is absent. A fact also 
worth3'^ of notice is that in chronic 
myringitis the acuteness of hearing 
is only slightly diminished. Another 
disease which must be mentioned, and 
which nia3’^ be confounded with chronic 
m3n-ingitis, is chronic, non-perforative 
middle-ear catarrh accompanied b5’^ the 
simultaneous appearance of secretion on the external surface of 
the membrane. 

Symptoms. — Chronic myringitis runs a painless course; the 
patients occasionally complain of lancinating pains and of a 
feeling of fulness and pressure in the ear. The most trouble- 
some s3anptoms are the severe itching and the offensive smell 
which is caused 1)3'^ the decomposition of the cerumen mixed 
with pus; this alone often induces the patient to seek medical 
advice. 

Terminations. — The terminations of chronic myringitis are: 
Eecoveiy after the secretion has ceased, or a slight disturbance of 
hearing if a moderate thickening of the membrane has remained 
after cessation of the suppuration. The author has seldom ob- 
served in the primary chronic forms an excessive thickening of 
the membrane associated with a high degree of deafness. After 

* Politzer's Atl-is, Plate I. 
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the secretion has ceased, there is sometimes a marked desquama- 
tion of the epidermis {viyringitis desquamativa, Gottstein), or the 
formation of crusts on the membrane, which may continue for 
some time. In myringitis granulosa, the suppuration is kept up 
by the papillm, so that a cure is attained only after their spon- 
taneous healing, or after their removal. The formation of 
perforating ulcers is a rare sequel. 

Treatment.— The treatment of chronic myringitis depends on 
the pathological changes which have taken place in the mem- 
brana tympani. If the secretion is accompanied by only a 
slight swelling of the cutis, it may bo stopped by washing out 
the meatus several times with an antiseptic solution (lysol, or a 
normal saline solution), followed by the insufflation of finely- 
powdered boracic acid (compare Treatment of Acute Suppurative 
Inflammation of the IMiddle Ear). If the secretion does not 
decrease after the use of boracic acid, or after the instillations of 
peroxide for several days, we should then resort to a solution of 
boracic alcohol (1 : 20), or to a solution of carbolic acid in alcohol 
(1 : 30), of which a few drops are poured into the ear and allmved 
to remain for five or ten minutes. These instillations are to be 
used four to five times a da}’-, and continued until the discharge 
ceases. 

In cases wliicU arc .specially obstinate, a concentrated solution of silver 
nitrate (fi. iiitr. argent cryst. 0-8, aq. dest. lO-O) has proved very beneficial. 
Attention must be called to the fact that after eacli application the solution 
is to be neutralized by washing out the meatus with a salt solution. The 
instillation should be repeated onlj' when t)io crust has been tlurown off; 
three applications a week, for three or four Avecks, arc generally sufficient to 
stoi) the formation of secretion on the membrana tympani. The desquamative 
forms aro'thc most difficult to cure. In such cases, continued instillations of 
alcohol act better than solutions of silver nitrate. Ulcerations often heal very 
rapidlj'' after the insuffiation of iodoform or iodol; touching the surface of the 
ulcer with a caustic is seldom necessary to effect a cure. 

Wlien granulations liavo formed on tlie membrana tympani 
{myrinqiiis granulosa), touching tlie parts with liquor fern 
sesquichloride, after having irreviously applied powdered cocain, 
is the most effective treatment. The drug is applied to the 
growths by means of a probe dipped in the fluid, or by painting 
them with a small cotton applicator; this procedure is continued 
every third day until the drum is smooth and dry. . . , , 

Cauterization with nitrate of silver or chromic acid is far 
less beneficial, and often causes severe pain. On the other hand, 
cauterization by means of the galvano-cautery, after having 
previously cocainized the parts, may be highly recommended, as 
it produces little irain and shortens the time of treatment. Un y 
in those cases in which cauterization fails is it necessary to 
large growths with Hartmann’s small forceps (m'dc | 
treatment of aural polypi), and to touch the parts with a cans 
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Stetter describes an insidious, dry inflammation of the membrane, which he 
designates as myringitis chronica sicca. The peculiarities of tlus disease are 
that it leads to thickening of the membrana tympani, that it runs its course 
without secretion and without the formation of granulations, and that it 
gradually leads to deafness. The drum membrane appears cloudy, lustreless, 
and the handle of the malleus ill-defined. For treatment Stetter recommends 
the instillations of acid, sozoiodol 0-25, spirit, vini absolut. 1-0, ol. ricini 10-0. 


Traumatic Lesions of the Membrana Tympani. 

Traumatic lesions of the membrana tympani are produced — 

' 1 . By the direct penetration of a foreign body into the mem- 
brana tympani. 

2. By the extension of a fracture of the cranial bones to the 
membrane. 

3. By a sudden condensation of the air in the external auditory 
canal or in the tympanic cavity, more rarely by a rapid rarefac- 
tion of the air in the meatus. 

1. Direct injury of the membrane occurs mostly in those 
persons who scratch the auditory canal with different objects to 
relieve an unpleasant itching, and who, by accident, pierce the 
membrane with such articles as ear-picks, hair-pins, tooth-picks, 
pieces of straw, lead pencils, etc. It may also be produced by 
the careless manipulation of syringes with long, pointed nozzles, 
by coarse attempts at extraction of foreign bodies, by splinters 
of wood accidentally flying into the meatus, by a thorn entering 
the auditory canal while passing through a thicket, by the sudden 
entrance of water into the meatus (diving), or by throwing snow- 
balls (Schwartze). A strongly retracted membrana tympani may 
be penetrated by a bougie introduced into the tympanic cavity 
through the Eustachian tube. 

The site, size and form of these injuries vary greatly. Accord- 
ing to the investigations of Zaufal on the cadaver {A. f. 0., 
vol. viii.), they depend more or less on the spiral twisting of the 
auditory canal; furthermore, on the character of the instrument, 
whether its penetrating end was sharp, blunt, pointed, rigid or 
flexible, smooth or rough, and, finally, on the force with which it 
entered the meatus. Euptures from direct penetration take 
place more frequently in the posterior than in the anterior half 
of the membrane. 

The condition of the membrane varies according to the extent 
of the destruction, and according to the time at which the 
examination is made. In those cases in which the injury is 
quite recent, and in which the penetrating body was a thin, 
pointed instrument, one finds an irregular opening, the margins 
and surrounding tissue of which are covered with blackish-red 
extravasated blood. When the rupture is extensive and irreg- 
ular, the shape of the opening is not recognizable, on account of 
the extravasated blood covering the membrane. In such cases 
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it is sometimes possible to see the extent of the destruction only 
at the commencement of the suppuration, and after the extrava- 
sations have been removed. 

At the moment the membrana tympani is injured there is a 
loud subjective sound accompanied by a piercing pain, which is 
folloAved by fainting or by a marked reeling, dizziness and tinnitus. 
After several hours the patient feels better, but the dizziness 
and tinnitus still continue for a considerable time. If a reactive 
inflammation sets in, the pain and noises in the head again 
increase in intensity, and may continue long after the cessation 
of the inflammation. In a case observed by Delstanche — namely, 
that of a young girl — there Avere present, two years after the 
injury of the membrana ty'^mpani Avith a knitting-needle, total 
deafness, intolerable tinnitus, and severe attacks of’ dizziness. 
In this case there Avas an adherent cicatrix on the posterior 
superior quadrant of the membrane. 

Injuries produced by^ direct action seldom heal without the 
intercurrence of inflammation and suppuration. In cases of 
extensiA'^e, irregularly’’-shaped ruptures, a jjainful suppuration 
of the middle ear, lasting for Aveeks and months, may occur, in 
consequence of Avhich a secondary inflammation of the external 
meatus and mastoid process may develop. After cessation 
of the suppuration, permanent gai)S or cicatrices not infrequently 
remain in the membrana tyanpani, Avhich frequently adhere to 
the iimer tympanic Avail, and often occasion persistent deafness. 
In cases in Avhich, at the time of the injury, the stapes is also 
dislocated, there is a continuous Amrtigo and tinnitus, followed 
by’- a total deafness. In reference to the treatment of these 
cases, the author refers the reader to the treatment of acute 
perforating inflammations of the middle ear. 

2. Euptures of the second class — that is, those occurring by 
the extension of a fracture of the cranial bones — often invob'-ethe 
membrane to a considerable extent. The rupture generally takes 
place from a fissure in the suioerior or anterior AA^all of the meatus. 
The copious bleeding from the ear arises partly from vessels of 
the membrana tympani, and partly from the fractured bones. 
A simultaneous fracture of the labyrinth is associated with a 
flow’ of cerebro-spinal fluid from the ear. The contour of the 
rupture A’aries from that of a long tear to an irregularly-shape 
opening. In such cases, the rupture of the membrane is only 0 
secondary importance as compared wuth the injury of the cranium. 
Where death does not occur, profuse suppuration, proliferation 0 
the inflamed membrana tympani and of the mucous membrane 
of the middle ear, and adhesion of the remnant of the membrana 
tympani to the inner tympanic AA’all take place. 

3. Euptures of the membrana tympani due to sudden con- 
densation or rarefaction of the air in the external meatus ar 
most frequently caused by a slap on the ear (box on the ear. 
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blow); also- by a fall on the ear; by the report of a cannon, or a 
gun fired near the ear; by the bursting of a shell; by explosions; 
by intense concussions in consequence of a stroke of lightning; 
in caisson-workers, in aeronauts; and by the blowing of brass 
instruments. Should the air be suddenly condensed in the 
external meatus, a rupture of the membrane is more likely to take 
place if the Eustachian tube is obstructed, because the air 
condensed in the middle ear cannot escape into the pharynx; 
ruptures are, furthermore, favoured by atrophy, cicatricial 
formation, and by the presence of chalk deposits in the membrane. 
Euptures brought about by the rarefaction of air in the external 
meatus (kiss upon the ear, aeronauts, therapeutic rarefaction) 
are, on the whole, rare. Non-penetrating tears — that is, those 
involving only the cuticular or mucous membrane layer — have 
been observed only in a few cases. As ruptures of the membrane 
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caused by blows in the region of the ear claim the interest of 
the practitioner from a forensic standpoint, we will first describe 
these in detail. 

At the time of the blow (box on the ears) the rupture in the 
drum is associated with a violent report or an intense pain 
in the ear. The patient is frequently seized witli such a reeling, 
dizziness and tinnitus that he is unable to stand. These 
symptoms decrease in intensity after a few hours; still, subjec- 
tive noises and a feeling of stupor often remain for several days 
or longer. 

The objective examination of the membrana tympani is of 
the greatest importance. The condition of the membrane is so 
characteristic in the first days after the injury that one is able, 
even with a little experience, to state from inspection alone 
whether the perforation was caused by an injury or by a patho- 
logical jirocess. 

The rupture is more frequently situated in the anterior inferior 
than in -the posterior portion of the membrane, and it is generally 
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raptured only at one place, seldom at two. An important fact 
is that the perforation is situated midway between the manubrium 
and the tendinous ring; only rarely does it extend fronrtlie handle 
of the malleus to the tendinous ring. Shrapnell’s membrane is 
seldom ruptured. 

The shape of the rupture is round, as if a piece of the mem- 
brane had been punched out; in the case of large ruptures it is 
often triangular. As a rule, however, it is oval with pointed 
(Fig. 117) or rounded extremities, the longitudinal axis of the 
oval usually lying parallel to the direction of the radiating 
fibres. Irregular, ragged ruptures, or linear tears with non- 
separable edges situated in front of or behind the manubrium, 
are seldom seen. In one of the author’s cases, the ecchymotic 
edges of a ragged rupture Avere so much retracted tmvards the 
periphery of the membrane and the handle of the malleus that a 
large portion of the promontory was visible. 

The margins of the rupture are sharply defined, and are covered 
either in their Avhole extent or only here and there with reddish- 
black coagulated blood. Sometimes one sees in the neighbour- 
hood of the rupture (Fig. 118), especially at the posterior edge 
of the manubrium, ccchymoses and a marked injection of the 
vessels of the malleus and its surrounding area; At times small 
coagula are found in the external auditory canal. A striking 
fact, in a traumatic rupture, is that the inner wall of the tympanic 
cavity presents its normal whitish-yellow colour without any 
noticeable Amscular injection.* 

An important point in deciding whether the rupture is of 
traumatic origin is the auscultation sound heard AA'hen the 
patient performs a Valsalvan experiment. In cases of extenswe 
pathological perforations, the air usually escapes from the ear 
Avith a sharp hissing noise, Avhile in traumatic perforations one 
hears the air passing through the ear AAuth a Amry broad, deep 
breathing sound, proAuded the injury has occurred in a normal 
organ. A diagnostic fact AA^rth remembering is that in traumatic 
ruptures far less ^pressure is required to force the air through the 
opening in the membrane than in pathological perforations. _ it 
is only AA'hen the rupture has caused an inflammatory reaction 
in the tympanic caAuty that the perforation sound is of a high, 
hissing character. 

The disturbance of hearing caused by traumatic ruptures is 
generally slight. Here, as in all cases in AA^hieh there is an 
obstruction in the sound-conducting apparatus, the poAAmr o 

* The author’s article, Uber traumatische Tronimeimnifturen ml 
hcsondcrcr Riichsiclit a%tf die forensisclie Praxis (Wiener med. ' 

Nos. 35 and 36), was the first to appear on this subject; in tins a . 

subject is treated according to the present methods, both from an o ^ 
and clinical standpoint. Later publications often used this inior 
without mentioning its source. 
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perceiDtion. through the air for the lower part of the scale is 
diminished. Given the fact that a traumatic perforation is 
present, a high degree of deafness occurs only when the blow 
has caused a concussion of the labyrinth; in such cases the power 
of perception for the uj)per limit of the scale is also diminished. 
A sudden condensation of the air in the external meatus may 
spend its force in two different ways. If the active force of 
the blow is exhausted on the membrana tympani, a rupture of its 
fibres is produced, but the labyrinth, as a rule, remains uninjured.' 
In these cases the power of hearing for speech and for the acou- 
meter is generally but slightly lessened, and the tone of a tuning- 
fork placed upon the vertex is lateralized only towards the 
injured ear. If, on the other hand, the membrane remains 
intact, the main force of the blow is exerted upon the labyrinth, 
inasmuch as the chain of ossicles, suddenly forced inwards, 
causes a concussion and paralysis of the endings of the auditory 
nerve; as a consequence, severe deafness and continuous sub- 
jective noises remain. According to the author’s observations, 
the prognosis of these eases is always unfavourable. If there is 
a positive Einne, the perception for the tone of a tuning-fork 
placed upon the vertex is generally localized in the normal ear. 

The process of repair of ruptures of the membrana tympani 
not complicated with concussion of the labyrinth is, as a rule, 
favourable, in so far as the orifice in the membrane closes again 
without any marked reactive phenomena. The time it takes for 
such a rupture to close up varies from three to fifteen days. 
Judging from the appearance of the membrane, cicatrization often 
begins in the mucous membrane layer, inasmuch as, several days 
after the rupture, a grayish-yellow membrane forms over the 
opening from within, while the edges of the tear in the cutis are 
still visible for some time. Closure of the rupture less often 
takes place by a uniform growth of the epidermis, or by a simul- 
taneous growth of all the layers of the membrane. 

The coagulated blood adhering to the margins of the rupture 
either falls off or migrates towards the periphery of the mem- 
brane into the osseous meatus. It is only after several weeks 
that the membrane presents its normal appearance; occasionally 
a thin cicatrix remains at the ruptured spot. 

A rare sequela of traumatic ruptures is the development of a 
suppurative inflammation of the middle ear. When such an 
inflammation is produced, it is generally brought about by irri- 
gations, or by the instillation of irritating oils or other medicated 
solutions. These suppurative processes seldom end in complete 
cure. More often they lead to a destruction of the tissue of the 
membrane, to the formation of granulations on the membrane 
and in the tympanic cavity, to adhesions between the membrana 
tympani and the promontory, and to the epidermization of the 
margins of- the perforation causing a permanent opening. In 
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most cases the disturbances of hearing caused by . traumatic 
ruptures disappear completely; in uncomplicated ruptures, 
disturbances of hearing and tinnitus seldom remain. Only in 
those cases in which permanent changes are developed in the 
middle ear in consequence of a secondary suppuration, or in which 
the rupture is combined with concussion of the labyrinth, do 
disturbances of hearing of different degrees, cephalalgia and 
tinnitus sometimes remain. We have stated above that a blow 
in the region of the ear may produce a concussion of the labyrinth 
without a rupture of the membrana tympani. In these cases, 
which are associated with tinnitus and hardness of hearing, the 
function of hearing may again become quite normal after several 
days or weeks; more frequently, hoAvever, the disturbance of 
hearing remains permanent. Besides the varying degrees of 
disturbance of hearing, the author has frequently observed con- 
tinuous nervousness, heaviness of the head, and mental depression 
follow a shock to the organ of hearing. 

In the treatment of ruptures of the membrane all local appli- 
cations must be avoided; experience has shown that through 
instillations of medicated solutions, syringing the ear, or the use 
of the air-douche, a cure is not only prevented, but even retarded. 
Our treatment is simply limited to the closure of the external 
auditory orifice with sterilized cotton in order to protect the 
exposed mucous lining of the tjnnpanic cavity from infection. 
In cases of concussion of the labyrinth, internal treatment or 
local medication is of little avail; electric therapy with the 
galvanic current sometimes brings about a relief of the subjective 
noises, and a cure of the disturbance of hearing if the changes 
in the labyrinth are not of a serious nature. 

Traumatic Ruptures of the Membrana Tympani from a 
Medico-Legal Point of View. — The absolute diagnosis of a 
traumatic rupture of the membrane is possible only if the case 
is seen during the first fe\v days after the injury has taken place. 
If the examination of the coagula removed from the ear shows 
a transition into hsematin and hromoxylin, we may conclude 
that the rupture has existed a few days. If the examination is 
made a considerable time after the infliction of the injury, the 
physician, owing to a possible cicatrization of the rupture, may 
not be able to determine Avhether a rupture had taken place at all, 
and wdiether the existing disturbance of hearing has really been 
produced by the injury. _ 

Again, a rupture of the membrane cannot be said to be or 
traumatic origin if, at the time of the first examination, a suppu- 
rative inflammatory process has taken place in the membrana 
tympani and in the middle ear. In such cases the condition o 
the membrana tympani does not differ from that found in a 
primary suppurative process of the middle ear. 

The medical expert is therefore justified in declaring the lup 
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ture to be of a traumatic nature only if, in the first few clays after 
the injury, the above-described almost characteristic conditions 
of the membrane are present, and if, on observing its further 
course, cicatrization takes place in a few weeks. The latter is 
of importance, because to one of inexperience a persistent gap 
produced by a previous purulent process might be mistaken for 
a traumatic rupture. Such a mistake will not, however, occur if 
the physician bear in mind that a gap caused by a previous 
suppuration, when once its margins are covered with epidermis, 
will never close. The author wishes to state that traumatic 
ruptures have only two terminations : they either cicatrize during 
the first few weeks without any complications, or they are com- 
bined with a suppurative inflammation of the middle ear. 

If the medical expert has declared the rupture in the mem- 
brana tympani to be of a traumatic nature, another question 
to be answered is whether the injury is a slight or a severe one. 

An injury of the membrana tympani is to be accounted slight 
if it is not complicated with concussion of the labyrinth, and if, 
after cicatrization of the rupture, apart from the duration of the 
process of cicatrization, the function of hearing returns to its 
normal state.- 

On the other hand, an injury of the membrane must be con- 
sidered severe if, by the blow upon the ear, a simultaneous 
concussion of the labyrinth takes place. In these cases, to 
absolutely establish the diagnosis of a paralysis of the auditory 
nerve, we must take into consideration the results of the various 
tests. Is there a high degree of deafness for the acoumeter, watch 
and speech ? Is the tone of a tuning-fork placed on the vertex 
lateralized in the non-affected ear ? Is the tick of a watch placed 
against the temple diminished in intensity or absolutely imper- 
ceptible ? And is there a shortened perception for the tone of the 
tuning-fork through the cranial bones ? Stress must be laid on 
the fact that the results of testing the hearing can be of use to the 
medical expert only if, through repeated examinations, simulation 
or exaggeration is excluded (compare chapter on Simulation). 

An injury of the membrana tympani must also be considered 
severe if the rupture has been proved to be of traumatic origin, 
and if a suppurative process ensues which, through tissue changes 
(granulations, adhesions), causes a permanent disturbance of 
hearing. 

Prom the foregoing it is obvious that the medical expert is not 
always able, in complicated cases, to come to any conclusion 
from his first examination as to the severity of the injuiy, and 
that, in many cases, an observation extending over several 
months is necessary. The reason for this is that we cannot 
exclude the possibility of even the most complicated injuries 
(suppuration, concussions of the labyrinth) healing after weeks 
or months without any disturbance of hearing. 
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In reference to those cases in which no perforation of the drum 
takes place and in which the disturbance of hearing following 
a blow on the ear is caused by concussion of the labyrinth, the 
medical expert cannot decide whether, in a given case, the disturb- 
ance of hearing was occasioned by an injury or not, inasmuch as 
the appearance of the membrana tympani, as wmll as the other 
characteristic conditions, do not give us any definite data. In 
such cases the physician must always bear in mind the possibility 
of a pre-existing chronic affection of the labyrinth or middle ear, 
which the alleged injured person may, after a quarrel, use as 
the ground of an action. If the physician finds, shortly after the 
alleged injury, chalk deposits and cicatrices on the membrana 
tympani, he may conclude with certainty that he is dealing with 
a chronic process of the middle ear, as such changes require a 
considerable time to develop. 

According to Wilde, Ogston and Littre, ruptures of the drum 
membrane may be caused by hanging; they appear to occur 
more frequently in those who have been executed than in those 
who have committed suicide by hanging. 

The Diseases of the Tympanic Cavity, the 
Eustachian Tube, and the Mastoid Process. 

General Remarks. 

The pathological examinations of the organ of hearing made 
during the last few years have brought to light facts of the greatest 
importance — namely, that in the majorit}’- of ear diseases the 
primary jrathological cause of the disturbance of hearing has its 
seat in the middle ear, and that the primary diseases of the 
auditory nerve are of less frequent occurrence. 

Diseases of the middle ear originate in the mucous membrane 
hiring; from here those inflammatory changes start which not only 
often disturb the hearing, but not infrequently extend to neigh- 
bouriirg vital organs, and endanger the life of the patient. The 
knowledge of these changes is therefore of great importance, as 
they form the basis for the diagnosis and treatment of middle- 
ear affections. 

The inflammatory processes of the lining membrane of the 
middle ear and their terminations show, in general, the same 
character of inflammation as in mucous membranes of other 
organs. There is, however, one difference which is almost charac- 
teristic, and that is that, in the middle ear, thickening of the 
tissues and adhesions of the diseased surface are of more frequen 
occurrence than in the mucous membranes of other organs. > e 
therefore find, in inflammations of the lining of the middle ear, 
the same changes as occur in other inflanied mucous membranes 
— for example, hypermmia and serous infiltration, as we a 
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tumefaction and excessive swelling through exudation and infil- 
tration with round cells; furthermore, free exudate from the 
surface of the diseased mucous membrane in the form of serous, 
mucous or purulent secretion; and, lastly, as secondafy diseased 
products, a variable amount of granulations and organized con- 
nective tissue which develop in the middle ear during the course 
of the inflammatory process, and remain as thickenings or bands 
of connective tissue. 

Inflammatory processes in the middle ear show great anatomical 
as well as clinical var.ations. Their course is either acute, sub-, 
acute or chronic; they may heal with complete restoration of the 
normal hearing, or they may produce deafness of a varying degree 
due to the development of permanent diseased products. 

If we regard the inflammations of the middle ear according to 
their leading clinical features, we first meet with a large group of 
affections called, in a strict sense, catarrhs of the middle ear. 
This group is accompanied by hyperaemia and swelling of the 
mucous membrane, and is characterized by the discharge of a 
serous or of a tough, colloid, transparent, mucous secretion. 
This affection of the mucous membrane, which generally runs 
its course without notable phenomena or lesions of the membrana 
tympani, may either completely subside, or adhesions between 
the membrana tympani, ossicles and walls of the tympanic cavity 
may form during the course of the disease. These adhesions are 
brought about by connective-tissue formations in the mucous 
membrane, inflammatory thickening and contraction of mucous 
membrane folds, and by connective-tissue bands in the tympanic 
cavity, which create hindrances to the sound-conduction of a 
varying degree. They are designated as catarrhal adhesive 
processes of the middle ear. 

Another form of disease, anatomically different, and also ending 
with a marked obstruction in the sound-conducting apparatus, is 
otosclerosis. In the true forms of otosclerosis we are not dealing 
with a diseased condition of the mucous membrane of the middle 
ear, but with a primary affection having its seat in the laby- 
rinthine capsule; this leads, through new formation and growth of 
osseous tissue, to ankylosis of the stapes in the fenestra ovalis, and, 
in the severest forms, to an osseous closure of the oval window. 
These processes run their course with progressive deafness, have 
an unfavourable prognosis, and were formerly known as ‘ dry 
catarrh.’ Their only relation to adhesive processes of the middle 
ear is that in both cases we are dealing with an obstruction in 
the sound-conducting apparatus; we must not lose sight of 
the fact, however, that a mixed form may sometimes occur 
— that is, a combination of a catarrhal adhesive process and 
otosclerosis. 

In a second group, clinicallj’- different, the inflammation of the 
mucous membrane develops with more or less acute reactive 
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tumefaction and excessive swelling through exudation and infil- 
tration with round cells; furthermore, free exudate from the 
surface of the diseased mucous membrane in the form of serous, 
mucous or purulent secretion; and, lastly, as secondafy diseased 
products, a variable amount of granulations and organized con- 
nective tissue which develop in the middle ear during the course 
of the inflammatory process, and remain as thickenings or bands 
of connective tissue. 

Inflammatory processes in the middle ear show great anatomical 
as well as clinical var.ations. Their course is either acute, sub-, 
acute or chronic; they may heal with complete restoration of the 
normal hearing, or they may produce deafness of a varying degree 
due to the development of permanent diseased products. 

If we regard the inflammations of the middle ear according to 
their leading clinical features, Ave first meet Avith a large group of 
affections called, in a strict sense, catarrhs of the middle ear. 
This grouj) is accompanied by hyperaemia and SAvelling of the 
mucous membrane, and is characterized by the discharge of a 
serous or of a tough, colloid, transparent, mucous secretion. 
This affection of the mucous membrane, Avhich generally runs 
its course without notable phenomena or lesions of the membrana 
tympani, may either completely subside, or adhesions betAveen 
the membrana tympani, ossicles and AA'alls of the tympanic cavity 
may form during the course of the disease. These adhesions are 
brought about by connective-tissue formations in the mucous 
membrane, inflammatory thickening and contraction of mucous 
membrane folds, and by connectiAm-tissue bands in the tympanic 
cavity, which create hindrances to the sound-conduction of a 
varying degree. They are designated as catarrhal adhesive 
processes of the middle ear. 

Another form of disease, anatomically different, and also ending 
AA'ith a marked obstruction in the sound-conducting apparatus, is 
otosclerosis. In the true forms of otosclerosis Ave are not dealing 
AA’ith a diseased condition of the mucous membrane of the middle 
ear, but with a primary affection haAung its seat in the laby- 
rinthine capsule ; this leads, through neAV formation and groAvth of 
osseous tissue, to ankylosis of the stajAes in the fenestra oAmlis, and, 
in the seAmrest forms, to an osseous closure of the OAml windoAv. 
These processes run their course AAuth progressiAm deafness, haAm 
an unfuAmurable prognosis, and Avere formerly known as ‘ dry 
catarrh.’ Their only relation to adhesiAm processes of the middle 
ear is that in both cases we are dealing Avith an obstruction in 
the sound-conducting apparatus; AAm must not lose sight of 
the fact, hoAvever, that a mixed form may sometimes occur 
— that is, a combination of a catarrhal adhesiAm process and 
otosclerosis. 

In a second group, clinicallj’- different, the inflammation of the 
mucous membrane develops with more or less acute reactive 
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(a) The Exudative Form of Middle-Ear Catarrh. 

{Syn. : Scro-MUcous Middle-Ear Catarrh. — Otitis Media Serosa . — 
Exudative Catarrh. — Middle-Ear Catarrh. — Catarrh of the 
Tympanic Cavity and Eusiachiayi Tube.) 

Etiology. — The catarrhs of the middle ear which run their 
course Avith a discharge of serous or mucous exudate develop 
as the result of atmospheric changes, colds, the entrance of irritat- 
ing fluids and vapours from the naso-pharynx into the Eusta- 
chian tube — further from influenza, typhoid fever, the acute 
exanthemata, Bright’s disease, and syphilis of the naso-pharynx; 
they are most frequently due, however, to the extension of acute 
or chronic catarrhs from the naso-pharynx, and in children to 
adenoid vegetations. Besides the above etiological factors, sero- 
mucous exudation is produced by a paralysis of the muscles of the 
palate and tube caused by a paralysis of the facial neiwe after 
diphtheria, and by atresia and pressure of new growths upon the 
tube. 

Exudation into the tympanic cavity is most frequently 
caused by the inflammatory process of the mucous membrane 
itself. Nevertheless, it is beyond doubt that sometimes in 
excessive swelling of the tubal mucous membrane and imper- 
meability of the Eustachian tube there occurs, in consequence 
of the consecutive rarefaction of the air in the tympanum, a 
transudation of serous fluid which is free from bacteria (Scheibe, 
Supfle).* 

In the sero-mucous catarrhs the affection extends mostly over 
the entire surface of the middle ear. Still, we must not lose 
sight of the fact that in acute catarrhs which extend from the 
naso-pharynx the swelling and hypersecretion may be limited to 
the loAver portion of the Eustachian tube, without extending into 
the tympanic cavity. These are the cases of intumescence of the 
pharyngeal orifice of the tube, which are associated with hyper- 
secretion, and Avhich occur in the course of an acute or chronic 
naso-pharyngeal catarrh. They are seldom primary. In some 
people a recurrence takes place with every cold in the head. 
These peculiar catarrhs may remain as a local affection, and heal 
without any disturbance of hearing, or they may extend imme- 
diately, or after the occurrence of frequent relapses, into the 
tympanic cavity. 

In the so-called ‘ chronic catarrhs of the tube ’ Avhich are often 
observed in children, and which are accompanied by a high 
degree of deafness, impermeability of the tube, and marked 
retraction of the membrana tympani, the disease is by no means 

* According to the investigations of Lannois (Ann. d. mat. de VoreiUe, 
1896) and Brieger (Klin. Beitr. z. Ohreiihcilk., 1896), the tympanic cavity is 
free from bacteria’iii the normal state. 


18 
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confined to the tube itself, but is, as a rule, spread over the 
entire mucous membrane of the middle ear.. Therefore, the 
tubal catarrhs can rarely be separated clinically from catarrhs 
of the middle ear ; and one is justified in speaking of a ‘ catarrh 
of the tube ’ only if, from the symptoms, the inflammation can be 
localized jn the tube itself without the tympanic cavity being 
involved in the process. 

Condition of the Membrana Tympani. — The condition of 
the membrane in the sero-mucous catarrhs of the middle ear 
presents many variations depending on the duration of the 
affection, on the transparency of the membrane, on the quantity, 
character, and colour of the exudate, and on the degree of 
hyperasmia of the mucous membrane of the tympanic cavity. 



Fig. 119. — Acoujiui-iVTion or Fluid 
IN THE Inferior Portion of the 
TvJIPANIC CAIUTy, jiarked ry a 
Bright Line, in a Young SIan 

DURING THE COURSE OF A SEVERE 
Cold in the Head. 

Cured by Politzerization. 


Fig. 120. — ^Accuaiuhition of Effu- 
sion in the Inferior Portion 
OF THE Tympanic Cawty, in a 
W oJiAN, 50 Years of Age, and 
Syphilitic. 

I’ho Imc of the fluid level is curA'ed and 
rvaAy. Removal of exudation by 
paracentesis. 


When the membrane is transparent, the accumulation of 
serous or mucous exudate in the tympanum can be distinguished 
by a peculiar, almost characteristic, picture.* If the amount of 
secretion which has collected in the lower part of the tympanum 
is small, it will be seen to shine through the membrane as a yellow- 
ish fluid, and separated from the upper air-containing space by a 
sharply-defined line on the drum membrane. 

This dark gray or black, sometimes AYhite (k'ig- 119), line on 
the membrane is either concave (Fig. 119), convex, or 
(Fig. 120), or it assumes the shape of a triangle (I ig- h 
the apex of ivlnch is directed towards the umbo. Fiequen j, 
the line of the fluid is visible only in front of (Fig. 128) or belnna 
the manubrium, or, by certain kinds of illumination, it appea 


* Politzer, Diagnose vnd Thera fie der 
in der Trommelhohle. Wien. med. Wocli., 1867. TJehc) heiveg 


in der Trommelhohle. Wien. med. Presse, 1800. 
bilder des Trommelfells, Plate II. 


Atlas der Beleuchlmgs- 
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as a number of irregular lines which after a short time either 
change their position or disappear altogether. The coloiir of the 
membrane below the level of the fluid is dark and yellowish; 
above the line it is light gray. As a rule, the yellowish colour 
of the exudate is more pronounced when it is serous or syrujjy 
than when it is viscid. 

When there is a collection of serous fluid in the tympanic 
cavity, the line seen on the membrane changes its position more 
or less rapidly when the head is bent forwards or backwards, 
inasmuch as the fluid flows towards the lowest portion of the 
tympanic cavity (Fig. 121). If the exudate is a thick mucus, 
or if the quantity is very small, the line, as a rule, remains 
unchanged. 


Fig. 122. — Accumulation of a 
Slight Quantity of Exudation 
IN THE Inferiok Portion of the 
Tymfanic Cawty, in a JLin with 
AN Acute Catarrh of the Naso- 
pharynx. 

The level of the exiulation is bounded 
bj' two lines meeting at the handle of 
the malleus. Cure in three days after 
the application of the author’s 
method. 

If there is a copious collection of secretion in the tympanic 
cavity, the line on the membrana tympani indicating the level 
of the fluid will be absent, and the secretion is recognized only by 
the peculiar yellow, greenish-yellow, or reddish-yellow colour of 
the membrane itself. This yellow colour is most marked behind 
the umbo ; and it is so characteristic that, with little experience, 
one can make the diagnosis of an accumulation of serous or 
mucous secretion in the tympanic cavity by it alone. A point 
U’orth bearing in mind is that not infrequently the line appears 
on the membrane only after an inflation of air. It is important 
to remember that in all these conditions the membrana tympani 
has a deep colour, its lustre is increased, and the handle of 
the malleus is much more sharply defined than in the normal 
state. 

If an inflation of air is given when the accumulation in the 
tympanic cavity is serous, a number of rings, due to the forma- 



Fig. 121. — Change of Position of 
THE Line of the Fluid Level of 
THE Exudate by inclining the 
Head Backwards. 

This is the tympanic picture of the same 
woman as in Fig. 120. 
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tiou of froth, and having a black or lustrous contour, appear on 
the membrane (Fig. 124). If the fluid is thin, these rings show 
an active motion and rapidly change their position. At times, 
immediately after an inflation of air, one sees at the anterior 
inferior margin of the drum one or more air-bubbles which, 
sometimes slowly, sometimes rapidly, pass upwards out of the 
line of vision. If the retracted but still lustrous membrane 
becomes dim, gray, and non-transparent after an inflation 
of air, the exudate and the bubbles will not be seen. This 
condition is similar to that seen in those cases in -which the 
tympanic cavity is full of secretion, and in which the diagnosis 
cannot be made by inspection, because the membrana tympani 
has become cloudy and opaque owing to a long continuation 
of the catarrh. 



Fig. 123. — Accumulation of a Con- 
siderable Quantity of Exuda- 
tion IN THE T-YMPANIC CA-VtTY, IN 
A JIan ^vlTH A Chronic Oataerii 
OF THE NaSO-PhARYNX. 

The line of the fluid level is visible only- 
in front of the handle of the malleus. 
Removal of the exudation by paracen- 
tesis of the membrana tympani. 



Fig. 124. — Frothy Secretion in 
THE Tympanic Cavity after In- 
flation, IN A Case of Acoumui*a- 
TioN of Serous Fluid in the 
Tympanic Ca-vity, in a Patient 
WITH AN Acute Catarrh of the 
Naso-Piiar-ynx. 


The curvature of the membrana tympani in acute cases of 
sero-mucous catarrh seldom shows any noticeable deviation 
from the normal. On the other hand, in those chronic catarrhs 
associated with impermeability of the tube, the membrane is 
forced inwards by the external atmospheric pressure. While 
the handle of the malleus is retracted inwards and backwards, 
and thereby appears as if it were shortened, the' processus brevis 
and posterior fold of the membrane project markedly outwards 
(Figs. 126 and 127). In these cases, the short process of the 
malleus appears as a prominent, three-cornered, pointed pro* 
jeotion, and the posterior fold as a whitish or tendon-gray, sharp 
ridge. If we study this ridge of the posterior fold more closely, 
it will be seen to be sometimes straight and sometimes curved 
downwards and backwards like a bow, forming an acute angle with 
the handle of the malleus. When the membrana tympani is 
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excessively retracted, the handle of the malleus appears 
perspectively shortened owing to its horizontal position, and 
may bo completely hidden by the posterior half of the 
membrane. 


The inward curvature of the membrane is rarely uniform; 
as the central portion is less resistant than the peripheral portion, 
the former is more strongly forced inwards by the external air 
pressure. This produces in the anterior inferior quadrant a curve 
which the author was the first to describe as the peripheral curve 
of the membrana tympani, and which is recognized as a linear, 
lustrous stria (Fig. 125). Besides this 
lustrous line, a small, irregular dr narrow 
reflection of light is found in front of the 
umbo. The colour of the membrane in 
chronic cases is often a dark gray 
(yellowish-gray if exudation is present); 
this colour may have a violet or reddish 
tinge, dependent on the intensity of the 
redness of the inner tympanic wall. 

After the catarrh has lasted a long 
time, there occurs, more frequently in the ‘7 

posterior than in the anterior half of the Tympaxi during a 
membrane, a partial or general atrophy Catarrh of the 
and depression of the membrana tympani. Eustachian Tube 
These atrophies may be present without and TT^miNic Cavity, 

producing any disturbance of hearing. ^ 

They appear as sharply or ill-defined, ness. 

irregular depressions, with one or more Great iinvard curvature of 



reflections of light at their lowest part, 
and bear a great resemblance to the 
cicatrices of the membrana tympani. In 


the membrane. Cured 
bjr inflation after the 
author’s method, which 
was continued forscvcral 


cases of general atrophy, the more or less weeks. 


retracted membrane lias a number of linear 


light reflexes which run in a radiating direction from the periphery 
towards the handle of the malleus, and which are brought about 
by the formation of folds in the atrophic membrane. If the 
atrophied posterior portion is forced inwards to such an extent 
that it comes into contact with ijortions of the inner tympanic 
wall, the long process of the incus and posterior crus of the stapes 
will he seen behind the handle of the malleus as a bone-yellow, 
angular, curved protuberance (Fig. 128). If, finally, the mem- 
brane is in apposition with the promontory, the latter will be 
distinguished as a projection having a yellowish lustre, behind 
which a depression will be seen, which indicates the niche or recess 
of the fenestra rotunda. 


When the membrane is retracted, a striking change takes 
place in its appearance immediately after inflation. For example, 
the handle of the malleus returns nearlj^ to its normal position 
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(Pig. 126), its vessels become greatly injected,* the processus 
brevis is much less prominent, and the posterior fold of the 
membrane, which was formerly sharply defined, becomes almost 
completely obliterated. What is sometimes very striking is that, 
in consequence of the bulging out of the membrane, the handle 
of the malleus lies almost invisible in a groove, the sulcus 'tnalko- 
laris (Fig. 127). Small, atrophied spots in the membrana 
tympani curve outwards in a bubble-like manner after an inflation 
of air, and not infrequently the exudate, forced into them from 
the tympanic cavity, can be seen as a yellowish mass in their 
inferior portion. When the atrophied portion of the posterior 
part of the membrana tympani ^(Fig. 129) lies in contact with the 
incudo-stapedial joint and the promontory, they immediately 
disappear from view after an inflation of air. There will now be 



Fig. 126. — Appearance of the 
Membrana Tymp..vni in a Man 30 
Years of Age. 

Patient had suffered for two months 
from a catarrh of the middle oar, with 
great swelling of the mucous mem- 
brane of the Eustachian tube, in con- 
sequence of a cold in the head. The 
membrane was concave, and its colour 
grayish-violet. The great deafness 
was cured by inflation after the 
author’s method in three weeks. 



Fig. 127. — Condition of the Meji- 
BRANA Tympani in the Same 
Patient ijimediately after In- 
flation. 


observed, at the place where these anatomical landmarks were 
formerly visible — in other words, in the posterior part of the 
membrane — a grayish-yellow, round or oval bulla (Fig. 129), 
which either partially or completely arches over the manubrium. 
Such a bulla is, however, only of short duration, as the atrophied 
portions sink in again in consequence of the speedy rarefaction of 
the air in the tympanic cavity. 

To the category of catarrhs of the middle ear belongs that 
group of inflammatory catarrhs in which the sero-mucous exuda- 
tion is accompanied by more or less marked reactive symptoms. 

* By the rapid change in the position of the membrane and manubrium a 
temporary venous stasis of the vessels of the malleus is brought about, m 
consequence of the sudden bend of the vessels running from the auditory 
canal to the membrana tympani. 
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These affections develop in the course of a catarrh or infiuenza, 
and generally begin with lancinating, intermittent pains, and 
with marked congestion of the vessels of the malleus and of the 
external auditory canal. This congestion is soon followed by a 
visible exudate in the tympanic cavity. In this form, which 
lies between a catarrh and an acute inflammation of the middle 
ear, the membrana tympani is either protruded as a whole or 
partiall3^ If the latter is the case, the posterior superior quad- 
rant of the membrane is bulged in the shape of a bulla (Pig. 180), 
The appearance of the membrana tympani shows groat resem- 
blance to the serous bullaa seen in acute myringitis, but is differ- 
entiated from the latter by the fact that, in inflammatory catarrh, 
the protu])erance communicates with the tympanic cavity. This 
communication can be demonstrated as follows: If, after an 



Fio, 128.— Appearance of the Mem- 
brana Tympani in a Young Man, 
17 Years op Age, who lun suf- 
fered FOR Eight Y’’ears from 
Chronic C.vtarrh of the Middi-e 
Ear. 

Naso-pharjTigcal catarrh, with great 
swelling of the mucous membrane of 
the Eustachian tube. Hcarhig dis- 
tance almost normal after one infla- 
tion according to the author's method. 



Fig. 129. — Condition of the Mem- 
brane IN THE Same Patient im- 
mediately AFTER Inflation. 


inflation of air, the protuberance presents two colours — namely, 
a gray (superiorly) and a jmllow (inferiorly) — ^it is quite evident 
that there is air and fluid in the bulla. This form of catarrh 
heals more quickly than the ordinary forms; still, an acute sup- 
purative inflammation of the middle ear may develop from it. 

Symptoms. — As a rule, middle-ear catarrhs run their course 
without pain; onlj'- seldom are shooting pains experienced in the 
beginning of the process and in the inflammatory form (inflam- 
matory hydrops, Zaufal). On the other hand, there is more 
frequently a sensation of fulness, numbness and pressure in the 
ear, similar to that experienced when water remains in the ear 
after a bath. This annoying symptom, which is especially 
pronounced when the pharyngeal orifice of the Eustachian 
tube is swollen, is, according to the author’s observation, in 




28 o 


'DISEASES OF THE EAR 


inverse proportion to the degree of swelling and impermeability 
of the tube. To be more explicit, the more trifling the swelling 
and disturbance of hearing, the greater the sensation of fulness^ 
When the tube is absolutely impermeable, and there is a marked 
disturbance of hearing, the sensation of fulness is generally 
wanting. The effort to relieve this sensation by frequently 
shaking the finger placed in the -external auditory canal is very 
injurious. 



An important, though not constant, diagnostic symptom is 
the sensation as if a body were moving to and fro in the ear when 

the position of the head is changed. 
This feeling frequently corresponds with 
the motion of the exudate seen through 
the membrana tympani. 

The subjective noises in the exudative 
forms of catarrh are not constant, but 
usually intermittent; they frequently 
develop suddenly when the disease 
becomes aggravated, and are accom- 
panied by a rapid decrease in the hear- 
ing. Their _ disajipearance takes place 

just as rapidly, and is due to an im- 
provement in the hearing, which occurs 
spontaneously, or in consequence of 
treatment. Often, immediately after an 
inflation of air, the tinnitus will either 
become remarkably diminished or entirely ■ 
disappear in consequence of reduced 
pressure on the labyrinth. Where tinnitus 
has lasted a long time, and continues in 
spite of the restoration of the per- 
meability of the tube through treat- 
ment, the prognosis may be said to be 
unfavourable, as it must then be 
considered a symptom indicating the development of permanent 
changes at the -windows of the labyrinth, or a labyrinthine disease. 
The author has nevertheless seen cases in which the catarrh has 
lasted several months, and in which the continuous subjective 
noises finally disappeared. He has frequently observed sub- 
jective noises in those cases of catarrh of the middle ear due to 
syphilis of the naso-pharynx. It must be mentioned that m 
catarrhs a crackling and snapping in the ear are often ex- 
perienced, which are especially noticeable when swallowing 
and masticating, and are due to contractions of the muscles of 


Fig. 130. — Hemspiiebi- 
CAL Bulging of the 
Posterior Suferiob 
Portion of the JMeji- 
BRANA TYSmVNI. YEL- 
LOWISH Exudation in 
THE TySIPANIO CaVITY 
OP A ]\I.AN WHO HAD 

A Catarrhal Dis 

CHARGE IN THE 
iliDDLE Ear during 
A Cold in the Head, 
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SIATORY SysIFTOMS. 

Cured in two weeks by 
Politzerization. 


the tube. . ,. 

One of the most annoying symptoms in catari'hs of the midaie 
ear is the resonance of the patient’s own voice (autophonia). 
This symptom is more noticeable in slight catarrhs and m 
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unilateral affections than when both ears are diseased. This 
subjective sensation is often so annoying that the patients avoid 
conversation of every kind. It is encouraging to know that 
autophonia often disappears during treatment, and seldom 
remains for any length of time after a cure of the catarrh has 
been effected. 

In some cases, the only subjective symptoms are a feeling of 
heaviness and fulness in the head. When these symptoms affect 
adults, they complain of troublesome pressure in the head, and 
of the inability to do mental work. In children, these symptoms 
become manifest by ill-humour, waywardness, disinclination to 
learn, and weakness of memory (Guye’s aprosexia). These 
mental symptoms usually disappear with surprising rapidity after 
the repeated application of the author’s method of inflation, or 
after catheterization. The occurrence of delirium, frenzy, and 
epileptic attacks in simple catarrhs of the middle ear is rare. 
These symptoms generally disappear after a successful treat- 
ment of the middle- ear catarrh. 

Disturbances of Hearing. — The disturbances of hearing in 
exudative catarrhs of the middle ear are brought about by the 
abnormal tension of the membrana tympani and ossicles, and 
by the accumulation of secretion in the middle ear. If the 
secretion is of a thin, fluid nature, there often occurs, when the 
head is bent forwards, a marked improvement in hearing; if, on 
the other hand, the head is bent backwards, the hearing distance 
decreases. This is caused by the flow of the fluid away from 
and towards' the labyrinthine windows. A characteristic feature 
of this form of catarrh is the marked variation in the hearing 
distance, which differentiates it from the advanced cases of 
catarrhal adhesive processes • and otosclerosis. The deafness 
is influenced by a great variety of internal and external causes. 
As a rule, the hardness of hearing is more marked in autumn 
and in winter, and on damp and foggy days, than in summer 
and in dry weather. Every change in temperature and over- 
indulgence in alcoholic beverages, especially the intercurrence 
or exacerbation of a naso-pharyngeal catarrh, may produce a 
sudden aggravation of the disturbances of hearing. 

An improvement in the hearing frequently arises quite suddenl}’-, 
and is accompanied by the sensation of a report in the ear. This 
symptom is especially observed in those cases in which the tube 
has been impermeable for a considerable time, and in which the 
air suddenl}'- enters the tympanic cavity either through a diminu- 
tion in the swelling or through the removal of a mucous plug in 
the Eustachian tube. This sudden change in hearing is some- 
times accompanied by a transitory, painful hyperassthesia for 
noises. In like manner, a sudden diminution in the hearing may 
arise with the feeling of closure of the ear, or with the feeling 
as if a wall were placed before it. The power of hearing better 
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in noises is also observed in this foian of catarrh, but to a far less 
degree, than in otosclerosis. 

The perception for the watch and acoumeter through the 
cranial bones is always preserved, and not infrequently is even 
more intense. Only in those cases of middle-ear catarrh com- 
plicated with labyrinthine syphilis may this perception be lacking; 
this is less often the case in influenza, typhoid fever, and in other 
infectious diseases. In eases in which no infectious disease is 
apparent, the author wishes to attach special importance to this 
symptom in young individuals, as it has repeatedly led him to 
suspect syphilis, which was confirmed by a Wassermann exam- 
ination of the blood. As a rule, in cases of catarrh with a 
marked disturbance of hearing, the perception for the low range 
of tones is reduced and the time of perception for all tones through 
the air is shortened. When performing Weber’s test, the tone of 
the tuning-fork is generally lateralized towards the affected ear, 
only occasionally towmrds the better one. Should the case be 
complicated with labyrinthine syphilis, the tone Avill generally 
be lateralized in the normal or better hearing ear. If in cases of 
slight unilateral catarrh, and furthermore in intumescence of the 
pharyngeal orifice of the tube, the clinical examination shows 
nothing else, it is quite certain that the tone of the tuning-fork 
placed on the vertex will be lateralized in the affected ear. In 
slight disturbances of hearing, Einne’s test is positive; in deafness 
of a high degree it is mostly negative, with lengthened perception 
through the cranial bones (Schwabaeh), The results of ausculta- 
tion in exudative middle-ear catarrhs have already been discussed 
in the general part (p. 119). 

Course and Terminations. — Exudative catarrhs of the middle 
ear generally run a protracted course. The acute simple catarrhs, 
or those wdiich develop during the course of an acute coryza, heal 
rapidly, inasmuch as they recede either spontaneously or after 
a short treatment. One is sometimes able to combat the 
catarrh after a treatment of a few days; often, however, it requires 
several weeks. Catarrhs occurring during the course of the acute 
exanthemata, influenza and typhoid, in lymphatic, ancemic, and 
cachectic individuals, and during chronic naso-pharyngeal 
affections, have a protracted course. 

The termination of acute catarrhs is either in a prompt cure or 
there is a transition into the chronic state, more rarely into an 
acute purulent middle-ear inflammation with perforation of the 
membrana tympani, _ • • f 

Chronic catarrhs take an uncertain course. The transition or 
an acute catarrh into the chronic form is especially favoured by 
the tendency of middle-ear catarrhs to relapse. After the cure 
of a catarrhal affection, the mucous membrane of the middle ear 
remains for a long time so sensitive to harmful influences tlia a 
slight cold, a cold bath, or a severe coryza, suffices to produce 
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a return of the exudation in the middle ear. A peculiarit}^ of 
catarrhs is that every relapse exceeds the former in duration, 
until finally, after frequent relapses, the affection becomes 
permanent, and changes are developed in the middle ear which 
are incapable of complete restitution. Kelapses are especially 
frequent in children who are subject either to hypertrophy of the 
tonsils or to transient or permanent catarrhs of the naso-pharynx 
associated with adenoid vegetations. These relapses in children 
usually appear in the spring and autumn, and particularly in the 
winter, and generally disappear entirely or partially in the 
summer, only to recur in the following autumn. In this manner, 
catarrhs of the middle ear in children may recur regularly until 
they are fourteen to sixteen years of age, after which the relapses 
either cease completely or occur more rarely. 

Also in adults chronic naso-pharyngeal catarrhs, and the 
changes in the naso-pharynx produced by them, exercise an 
important influence on the chronicity, course and termination of 
the middle-ear affection. 

The changes in the Eustachian tube are also of importance in 
regard to the course of middle-ear catarrhs. Therefore, before 
going further we must lay stress on the fact that, even after the 
exudate has been completely removed from the middle ear, and 
a return of the hearing function to the normal has occurred, a 
permanent cure cannot be expected as long as the permeability 
of the tube has not been established. From the foregoing it is 
evident that, when treating catarrhs of the middle ear, we must 
first try to make the tube permeable. Cases are nevertheless 
met with in private practice where, in spite of a lengthy local 
treatment, no improvement ensues, but where, after a pause in 
the treatment extending over several weeks or months, a spon- 
taneous cure takes place. 

From a prognostic as well as from a therapeutic standpoint, it is important 
to ascertain the site of the swelling in the tube. AVhile an impermeability of 
the canal produced by intumescence of the pharjmgeal orifice of tire tube 
may disappear spontaneously in a short time, or may bo removed b3' proper 
treatment, the extensive swellings in the tube brought about b}' hypertrophj' 
of the naso-phaijuigcal mucous membrane require a protracted treatment. 
According to Hartmami, it may be inferred that there is a swelling at the 
ostium phar3'ngeum tuba; if the air, propelled by the author's method, enters 
the middle ear onh’’ under great pressure, whereas, when the catheter is em- 
ploj'ed, the air freelj’’ enters even under the slightest pressure. If, on the 
other hand, great pressure is also required during catheterization, a diffuse 
swelling extending over the whole tube maj' be inferred. 

The quality of the exudate has also an important influence 
on the course of exudative middle-ear catarrhs. Serous secre- 
tions are absorbed with mxich greater rapiditj*, and are removed 
much more easily from the tympanic cavity than tough, sj’rupy, 
adhesive mucous masses. There can be absolutelj’^ no doubt that 
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the hearing is , affected through the stagnation of secretion in 
the middle ear. The acute middle-ear suppurations which are 
developed during the course of a chronic catarrh, and which are 
especially prevalent in children, are undoubtedly often produced 
by a secondary bacterial infection of the secretion in the middle 
ear. It must furthermore be mentioned that an exudate which 
cannot be absorbed may also produce a permanent hypersemic 
condition by protracted contact with the mucous membrane; 
this may lead to cell-growth and to adhesive connective-tissue 
formation in the middle ear. 

The general diseases ■which have an unfavourable influence on 
the course and termination of catarrhs are: scrofula, tuberculosis, 
Bright’s disease, aneemia, marasmus, and all exhausting diseases 
and cachexisB, by wdiicli the nutrition of the general system is 
lowered. Acute ej'^philitic catarrh of the middle ear takes a 
relatively good course, even if combined with syphilitic disease 
of the labyrinth. '■ 

The author wishes to dra-w' attention to the fact that, even 
in healthy individuals, an adhesive process in the middle ear 
may sometimes develop even after the catarrh has lasted a short 
time, especially if there have been frequent relapses. While 
experience has shown that many catarrhs that have even existed 
for many years completely subside and remain quiescent for 
a long time, we find, on the other hand, that even shortly after 
the commencement of a slight catarrh, changes may develop in 
the middle ear which permanently impair the hearing. 

Diagnosis. — The diagnosis of exudative middle-ear catarrh is 
made by ocular inspection — in other words, by seeing the secretion 
in the middle ear shining through the membrana tympani and 
from the anomalies in the curvature of the membrana tympani 
previously mentioned. When the membrana tympani is cloudy, 
■which prevents the secretion in the middle ear from being seen, 
and when the changes on the drum are not marked, the diagnosis 
can then be made only by the results of auscultation, the great 
variation in the hearing distance, and the marked increase in 
the hearing after the air- douche. 

Prognosis. — The prognosis of middle-ear catarrh is good in 
the acute primary forms, in individuals otherwise healthy, and 
in those patients whose conditions of life are favourable. It is 
more favourable when the secretion is serous than ■\vhen it is 
mucous, and better when the permeability of the tube is rapid y 
re-established. A symptom ■which indicates a good prognosis is 
a marked increase in the hearing after the tube has been ® 
permeable, or after the removal of the secretion from the mi 6 
ear. If we are dealing wdth a simultaneous affection of the naso- 
pharynx, the prognosis is more favourable in simple ^''veiling , 
which are easily cured, than in chronic hypertrophy, 
catarrhs localized in the canal of the tube which are no 
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complicated with obstinate naso-phaiyngeal affections offer a 
relatively good prognosis. 

The conditions which induce an exudative catarrh to take an 
unfavourable course are frequent relapses and a long duration of 
the catarrh, a slight improvement in the heating after the tube 
has been made permeable, diminished or shortened perception 
through the cranial bones, obstinate forms of empyema of the 
accessory sinuses of the nose and ozaena, chronic nasal and post- 
nasal catarrhs, adenoids and hypertrophied tonsils, a restricted 
action of the muscles of the palate (paralysis of the soft palate, 
cleft palate), continuous subjective noises, old age, hereditary 
predisposition, unfavourable atmospheric conditions, the existence 
of a general disease accompanied by anaemia and cachexia, over- 
indulgence in alcohol and excessive smoking. 

Treatment. — In the treatment of exudative . middle-ear 
catarrhs we should endeavour to re-establish the permeability 
of the tube, remove the secretion from the tympanic cavity, and 
diminish the swelling and secretion of the mucous membrane of 
the middle ear and tube. Besides this, we must take into con- 
sideration a simultaneous naso-pharyngeal affection, and the 
general health of the patient. Among the therapeutic measures 
Avhich we have at our disposal, we must first mention : 

1. Inflations of Air into the Middle Ear. — In the exudative 
middle-ear catarrhs the air-douche, according to the author’s 
method, achieves the best results. It has proved indispensable 
in the treatment of catarrhs of the cavum tympani and Eustachian 
tube, so common in children. As heretofore mentioned, the 
most marked and permanent improvement in hearing is produced 
when the method is performed during an act of swallowing. 
(Concerning the modifications of this method, see p. 130.) 

Where the resistance in the Eustachian tube is so great that 
it cannot be made permeable by Politzerization, we must resort 
to the catheter. In such cases, the resistance in the tube is 
diminished to such extent by one application of the air-douche 
through the catheter that the course of treatment can be success- 
fully continued by the author’s method. The air-douche by 
means of the catheter is contra-indicated if the air penetrates 
freely into the middle ear during Politzerization. Experience 
has shown that the repeated contact of the hard beak of the 
catheter with the diseased mucous membrane of the tube 
increases the swelling and secretion in the middle ear. 

The air-douche brings about a marked improvement in the 
hearing in the exudative forms of middle-ear catarrh. By means 
of this simple therapeutic agent the improvement, in the milder 
forms, lasts some time; while in excessive swelling of the tube, 
associated with copious and tenacious exudation, the improve- 
ment in hearing disappears very rapidl}’’. In the beginning, the 
increase in the hearing distance usually makes rapid strides. 
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which becomes less marked as treatment is continued. One 
should alwaj^s remember that a constant increase in the hearing 
distance without a relapse signifies an improvement of the 
catarrhal process, while the rapid diminution of the hearing 
should be looked upon as a symptom of continuance of the catarrh 
or of accumulation of tough mucous secretion in the middle ear. 

Inflations of air have a good effect on the head symptoms ' 
accompanying catarrhs of the tube and middle ear; they often 
lessen, with surprising rapidity, the troublesome feeling of pres- 
sure, heaviness, and confusion of the head. The effect of the 
air-douche is most evident in children; not only do the uneasiness, 
ill-humour, and aprosexia (Guye) disappear, but after a short time 
the unhealthy appearance and sickly colour also show a decided 
improvement. 

It must be borne in mind that the inflations of air should be 
continued daily if the greater part of the improvement in the 
hearing again disappears within twenty-four hours. If, on the 
other hand, after treatment for several days, a steady increase in 
the hearing distance is observed, an inflation is repeated every 
second, and then every third day, and finally, if the improve- 
ment continues, only once a week until no fluctuations in the 
hearing distance are perceptible. 

In the acute and chronic catarrhs of children and adults, a 
cure is obtained much quicker and more often by the systematic 
application of the author’s method than by the use of the catheter. 
Experience has shown that the use of the air- douche, according to 
the method of the author, generally suffices without the applica- 
tion of any other local treatment. By the use of Politzerization 
a cure is obtained much o'ftener and with greater rapidity than 
with catheterization — a fact which experience has satisfactorily 
confirmed. 

Li all cases in which a middle-ear catarrh is combined with 
retraction of the drum membrane, rarefaction of the air in the 
external auditory canal {vide p. 135) should be performed iname- 
diately after each aijplication of the air-douche. It is well to 
remember that the effect of the treatment in regard to the 
improvement in hearing, as well as in diminishing the subjective 
noises and annoying head symptoms, will be considerably in- 
creased by a combination of both methods. 

2. Mechanical Removal of Secretion from the Middle ha . 
— The mechanical removal of secretion from the middle ear is 
indicated when there is a copious collection of serous fluid, or a 
tough, mucous secretion in the tympanic cavity. 

Serous fluid in the middle ear may be partly or 
removed in the following manner: If the head of the patien 
strongly inclined forwards and to the opposite side y. 
inflation of air is given according to the authors methoc, 
Eustachian tube is opened up, whereujion the serous or syr py 
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exudate will flow into the naso-pharynx. That a diminution in 
the f3ecretion of the middle ear has taken place may be proved by 
the fact that the yellow reflex on the drum membrane has disap- 
peared, and that the fluid-line, which was formerly high, has 
become lower or almost entirely obliterated. 

Paracentesis of the memhrana t 3 ’’mpani or inju-ingolomy for 
the removal of a serous transudate or mucous masses from the 


tympanic cavity was already performed by 
Itard, Busson, Prank, Bonnafont. and Philip- 
peaux, and again introduced into practice by 
Schwartze. This operation is indicated if, 
after the inflation of air for several da 5 '-s, no 
diminution of the secretion is observed, and 
even if no exudate is demonstrable, the greater 
part of the improvement in hearing, which 
takes place immediatel}'- after an air-douche, 
again disappears within a day or two. Besides 
these two recognized indications for para- 
centesis, it is also performed in those cases in 
which, at the first examination, the serous or 
mucous secretion is seen to be copious ; by this 
means the time of treatment is decidedly 
shortened.* 

Paracentesis 'of the membrana t 3 ’’mpani or 
myringotomy, a simple, easily performed 
operation with which every practitioner should 
be acquainted, is carried out by means of a 
delicate knife or the double-edged, spear- 
shaped lancet, as depicted in the accompan}’^- 
ing plate (Pig. 131). This should always be 
thoroughly sterilized before using. The 
operation consists in making a free incision 
through the layers of the drum, in order to 
relieve the pain and tension, and to give free 
drainage to the fluid in the middle ear. To 
carry out this procedure, one can resort to a 



Fig. 131. — L.vxckt 


local anjBsthetic, but in the majority of cases wuth Ad.\pt.vble 
a slight general amesthesia is advisable. H^vndle. 

Por local amesthesia, one can use a pledget 

of cotton saturated with Bonaine’s ini.xture, consisting of 


cocaine, carbolic acid, and menthol, which is placed against the 
drum and allowed to remain there from ten to fifteen minutes, or 


one maj'- use the injection method of Neumann as described on 
p. 487. In most cases, however, it is advisable to give a slight 
general amesthesia in the form of eth^d chloride or nitrous oxide. 


* Diagnose V7id Thcrapic dcr Ansammhing scrosrr FlussigJxtt rn dcr Trommel- 
hohle. ll’ic??. mcd. WocJienschrifI, 1867, and Ueber hcrccgh'chc Exusdate in dcr 
TrommclhdJdc. Mcd. Presse, 1SG9. 
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The most suitable site for the incision into the membrane is its 
posterior inferior quadrant, as this place is easily accessible and is 
further removed from the inner tympanic wall than the portion 
of the membrane situated immediately behind the umbo. If the 
anterior wall of the external meatus is only slightly curved, the 
anterior inferior quadrant (Figs. 132 and 133) may be chosen for 
the seat of operation. Should the membrane be strongly bulged, 
the incision is made at the most prominent part. The direction 
of the incision has no influence on the duration of cicatrization. 
Bing recommends, for those who have little experience;, the use of 
the horizontal incision, as the walls of the meatus are not so easily 
injured as in mailing a vertical one. In order to keep the incision 
open a long time, Jansen forms a flap by means of a semicircular 
incision at the posterior periphery of the membrane. 



Fig. 132 . — Vertical Incision in Fig. 133 . — ^Horizontal Incision in 

Front of and Below the Handle the Anterior Inferior Quad- 

OF THE IiIaLLEHS. RANT. 

The operation is performed in the following manner: The head 
of the patient is fixed by an assistant, a speculum as wide and 
short as possible is inserted into the meatus, and the membrana 
tympani illuminated with reflected light by means of the head 
mirror. While the speculum is fixed in the auditory canal with 
the thumb and forefinger of the left hand, and the light well 
focussed on that part of the membrane at which the incision is 
to be made, the instrument, held in the right hand, is introduced 
as far as the membrana tympani and its layers gently incised. 
It is far better to make the incision too large than too small, 
as tenacious masses of mucus will either not pass through a srnaU 
opening or will do so only with difficulty. The operation, which 
is, as a rule, very painful, may be performed rather quickly m 
children and in some tolerant patients without an anaesthetic, 
in the majority of cases, howmver, a mild general anaesthesia is 
advisable. Stress must be laid on the fact that the operation mus 
not be performed over-hastily, as by the rapid introduction of the 
instrument the walls of the meatus may be incised instead of tiie 
membrana tympani. No evil effects are caused by injuring i® 
mucous membrane of the promontory unless the oval or roun 
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windows should be accidentally pierced. Injury to the bulhiis 
venas jugularis, which has been observed only in a few cases when 
there has been a dehiscence in the floor of the cavum tympani 
(Ludewig, Hildebrandt, Gruber, Seligman, j\Iax), runs a favour- 
able course after quickly tamponing. The case reported by 
Brieger, which ended in death through pyaemia, must be set 
down as an isolated one. Where a bulging of the bulbus venoc 
jugularis towards the tympanum is suspected by inspection 
(vide p. 97), the horizontal incision .should, according to Gomperz, 
always be made above the blue transparency. 

Immediately after paracentesis one sees, in the somewhat 
gaping incision, a weak pulsation, or a distinct motion of (ho 
fluid. A small drop of fluid sometimes exudes through the orifice 
to the external surface of the membrane; frequently, however, if 
the secretion is serous, several bubbles will be seen rising up 
behind the membrana tympani during an act of swallowing; 
these bubbles are caused by air entering the tympanic cavil}’- 
through the perforation. Sometimes an objective, crackling 
noise is heard during deglutition; this is caused by the gaping 
of the margins of the wound. 

Paracentesis having been performed, we next direct our atten- 
tion to the removal of the secretion in the tympanic cavity. 
This is accomplished by a forcible inflation of air, according to 
the method of the author, immediately after the operation. The 
writer must lay stress on the fact that it is only by this means 
that the full effect of the operation is brought about. It is only 
when there is marked swelling of the tube, and, furthermore, in 
cases of paresis and paralysis of the muscle of the soft palate and 
tube, that it is necessary to inject air through the catheter into 
the tympanic cavity. In exceptional cases, the secretion is 
forced into the auditory canal more easily by the Valsalva 
method than by Politzerization or by catheterization. 

To remove the secretion completely from the tympanic cavity, 
it is necessary to repeat the inflation three or four times in 
succession. If thin fluid secretion is present, the air passes into 
the external meatus with a marked rattling noise. If the mucous 
masses are tenacious, either no noise at all, or a grating sound, 
will be heard. Should the secretion happen to be tough mucus, 
the membrana tympani will be found covered either with a 
frothy fluid, or with a yellow or colourless mass. If there is 
only a small quantit}’- of tenacious mucus, the air passes through 
the perforation without forcing any secretion into the meatus. 
If. on the other hand, there is a large quantity of mucous secre- 
tion. and especially if the incision in the membrana tjunpani is 
too small, the mucus is jammed into the orifice of the perforation 
and appears as a yellowish-green pearl on the membrane. 

In order thoroughly to remove the secretion from the tympanic 
cavity, the author emifloys, besides inflations, repeated rarefac- 

19 
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lion of fcho air m ihe external auditory canal (p. 135). During 
this manipulation the patient is directed to bend the head 
strongly forwards, so that the secretion can also be aspirated 
from the mastoid antrum and cells into the external meatus. 
Earefaction is also carried out with good effect Avhen catheteriza- 
tion cannot be performed in consequence of malformations of the 
naso-pharynx, or when the tube is closed by strictures or adhe- 
sions. The author has often succeeded in removing the secretion 
from the middle ear more thoroughly if the air in the auditory 
canal was first repeatedly condensed and then rarefied. If this 
means is also unsuccessful in removing tenacious secretion from 
the cavum'tympani, it is advisable to propel it through the tube 
into the naso-pharynx by forcibly compressing the air in the 
external meatus. If a mucous plug becomes jammed in a para- 
centesis opening which is too small, the incision must be enlarged. 

When the exudate is of a thin, fluid nature, a part flows off 
through the external auditory orifice if the head is inclined to 
the same side; not infrequently, however, a part of the serous 
secretion is again aspirated into the tjonpanic cavity. To pre- 
vent this, the author pushes a .small sterilized pledget of cotton 
in front of the perforation before giving the second or third 
inflation of air, by which means the ejected fluid is absorbed. 
Tenacious mucus may be removed by strongly forcing air into 
the external auditory canal by repeated inflations. Owing to the 
danger of infection, syringing the meatus should be avoided. 

Before the air-douche is used, a striking improvement in the 
hearing takes place immediately after paracentesis, because the 
tension on the membrana tympani has been relieved; this 
improvement even increases after the removal of the secretion 
from the tynupanic cavity. . . 

The union of the margins of the incision takes place within 
twenty-four hours, sometimes after 2 to 3 days. Occasionally a 
serous or syrupy exudation, lasting several days, follows the 
operation. Consecutive inflammation of the membrana tympani 
and of the mucous membrane of the middle ear has been observe 
by Schwartze in 25 per cent, and by Ohristineck in 41 per cent, 
of the cases. In the cases operated on by the author such a 
oomjffication has rarely been seen (1 : 300), and he attribute 
these good results to the fact that he avoided syringing an 

irrigating the middle ear. i i f 

After paracentesis, the external auditory orifice must be kep 
closed for twmnty-four hours with sterile cotton or with a stiip o 

sterilized gauze. . 

Hyperaemia, ecchymosis and cloudiness of the meinbia , 
which are seen after paracentesis, entirely disappear witnn t 
short time; only rarely does a cicatricial depression or a par 
atrophy of membrane remain at the spot where paracen e 
was performed. 
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As regards tlie curative effect of paracentesis, it may be staled 
tliat a complete cure ensues after one operation in more than one- 
third of the cases. Tiiese are mostly cases of acute catarrhs 
in Avhicli the exudative process had alread_y ceased before the 
operatioi}, and in which the hardne.ss of liearing was caused only 
by the mechanical action of the exudate. 

On the other hand, if there is a simultaneous impermeability 
of the tube, paracentesis is without lasting effect, as the exuda- 
tion in the middle ear still continues. Therefore, another 
accumulation of secretion in the tympanic cavit}’’ quickly takes 
place, which makes it necessary to repeat the paracentesis. 
When a collection of fluid results in consequence of atresia of the 
tube and facial paralysis, paracentesis, on account of its temporary 
effect alone, must sometimes be repeated at intervals for years. 

To prevent the accumulation of new secretion after para- 
centesis, the tube must be kept permeable by means of inllations 
of air. Accordingly, it is necessary to continue the air-douche for 
several weeks or months, at first two or three times a week, 
and later once every eight or fourteen days, until a complete cure 
is established. 

The disturbances of hearing remaining after removal of the 
secretion are caused either by a continuance of the swelling 
of the mucous membrane of the tube and middle ear. by 
anomalies of tension of the membrana tympani, or by lasting 
tissue changes; the latter very often lead to connective-tissue 
adhesions, and to rigidity of the articulations of the ossicles 
even in the secretory stage of the catarrh. Swelling of the 
tube is diagnosed by auscultation during catheterization, or by 
means of a bougie. That the deafness is due to anomalies of 
tension in the sound-conducting apparatus ma^y be inferred, if. in 
spite of the fact that the tube is permeable, and there is no more 
secretion in the middle ear, a marked improvement in the hearing 
occurs after the use of the air-douche, which disappears again 
when the membrane returns to its former position, hknally. the 
existence of adhesive changes may with probability be assumed 
if after the removal of the secretion, as well as after repeated 
inflations, no material improvement in the hearing results. If, 
besides this, there are continual subjective noises, which .ire not 
relieved by paracentesis, there can be but little doubt that in 
such cases we are dealing with changes in the recesses of the 
fenostim of the labyrinth. 

The swelling of the mucous membrane of the tube remaining 
after the secretion is removed subsides either spontaneous!}', or 
after the repeated use of the air-douche. Only when the dura- 
tion of the catarrh is protracted and obstinate, should medicated 
applications be made to the swollen tubal mucous miunbrane. 
The injection of medicated solutions into the cavum tymjiani is 
of little value in the exudative forms of catarrh, especialh' when 
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secretion is_ still present; even if the latter should not be ’the 
case, experience has shown that the process often becomes 
decidedly worse after the use of intratympanio injections. On 
the other hand, in obstinate swelling of the tube, local medicated 
applications are often very beneficial. Should we desire to intro- 
duce a medicated solution into the tube without allowing it to 
enter the tympanic cavity, the following procedure will be found 
of value: An air-douche having been first administered, 8-10 
drops of the solution are injected into the catheter with a Pravaz 
syringe; the head of the patient is now bent to the side and 
a little backwards, by which means the fluid flows from the 
catheter into the tube. Another method of introducing medica- 
ments into the tube is by the use of Yankauer’s applicators. 
These are made of delicate wire, at the end of which a small 
quantity of cotton can be securely fastened. This is moistened 
with the desired medicated solution, introduced into the catheter 
and gently pushed into the tube. By this means the solution is 
directly applied to the affected parts. For this purpose we may 
use concentrated solutions of zinc sulifliate (0-2 : 10), Burow’s 
solution (1 : 5), wmak solutions of tannic acid (1-2 per cent.), 
or a few drops (5-10) of sterilized liquid vaseline (Delstanche). 
The author has found the latter, combined with zinc olein 
(0-3 : 30-0), beneficial in marked swelling of the tube. In obstinate 
cases astringents are sometimes successful only when preceded 
by several injections of an ammonium chloride (1 : 10-20) or 
soda bicarbonate (3 : 10-20) solution. Steam, with compound 
tincture of benzoin and ammonium chloride vapour, as especially 
recommended by v. Troltsch and Burkner, sometimes aid in 
reducing the swelling of the tubal mucous membrane. Turpen- 
tine vapour (oleum terebin.), aspirated from the vial by means of 
an air-bag and forced through the catheter into the middle ear, 
has proved beneficial. In cases in which there is a marked accu- 
mulation of mucous secretion in the Eustachian tube, the author 
aspirates the mucus with an air-bag inserted into the free end of 
the catheter before using the air-douche and injections. 

The application of medicated fluids to the mucous membrane 
of the tube is most effective if alternated with the air- douche by 
means of the author’s method, or by the catheter (on one day the 
injection, the next the air-douche). As a rule an improvement 
in hearing is noticeable only from such a treatment. In those 
cases in which injections of fluids have a bad effect, one miis 
return to the sole use of the air-douche. 

The introduction of medicated bougies is recommended m case 
of obstinate swelling of the tubal mucous membrane in winch air 
can be forced into the middle ear only with difficulty, 
author most frequently employs catgut bougies (thinnest vio 
strings), which are impregnated with a concentrated 
silver nitrate; these are dried and pushed through the catne 
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as far as the isthmus tubse, where they are allowed to remain 
three to five minutes. Often after the third or fourth introduc- 
tion of these bougies (every 2-3 days) air can be forced through 
the Eustachian tube by Politzerization. In order to avoid any 
reactive inflammation of the middle ear, it is well to remember 
that these bougies, soaked in silver solution, must not be allowed 
to remain in the tube too long. 

Besides the above-mentioned remedies, energetic sweat cures 
in the form of vapour baths are occasionally very beneficial. 

Obstinate catarrhs of the tube and cavum tympani which 
resist all local treatment often completely subside if the patient 
changes his place of abode and lives under more favourable 
atmospheric conditions. 

(6) The Catarrhal Adhesive Processes in the Middle Ear. 

{Sy7i. : Glii'onic Middle-Ear Catarrh. — Otitis Media 
Catarrhalis Chronica.) 

Attention has already been called to the fact that it is impos- 
sible to draw a sharp line of demarcation between the exudative 
catarrhs of the middle ear and the adhesive processes developed 
from them. The reason for this is that the tissue-changes, 
which lead to permanent disturbances in hearing, often become 
fully developed during the exudative stage of the catarrh, and 
that in some forms, exudation and the formation of new con- 
nective tissue take place almost simultaneously. 

Hence it follows that in the group of adhesive processes of the 
middle ear about to be described, a great many forms of middle- 
ear diseases, which show great variations in their anatomical as 
well as in their clinical aspect, have been brought together. 

Pathological Changes. — The pathological changes in the catarrhal 
adliesive processes either extend over the whole mucous membrane of the 
middle ear, or are limited to circumscribed areas. 

The structural changes in the mucous membrane consist of an increase in 
substance caused by round-celled infiltration, and in partial or total trans- 
formation of the new-formed round cells into fibrous connective tissue. The 
new-formed connective tissue may remain as such, or lead to fixation of the 
ossicles through contraction, calcification or ossification. 

In cases in which the new formation of connective tissue and exudation 
co-exist, the hyperfemic, unevenly tumefied mucous membrane appears 
yellowish or bluish-red, infiltrated Avith serum, gelatinous, spongj’’, easily 
movable, and its surface uneven, glandular or nodular. In consequence 
of this excessive proliferation of the mucous membrane, the depressions 
in the tympanie caAdty, especially the recesses of the fenestite ovalis and 
rotunda and the attic, are filled with succulent connective tissue, which is 
partially of new formation, and which completely envelops the stapes and the 
malleo-incudal body. At times the mastoid antrum and cells are filled AA-itli the 
same oedematous connective tissue. When the tympanic cavitj'^ is filled AA’ith 
tissue of this nature, the mobility of the ossicles is diminished, and the malleo- 
incudal articulation is often ank3dosed. The increase in thickness of the 
mucous membrane is caused partty bj^ proliferation of round cells and swelling 
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of the substantia propria, and partly by the new formation of fibrous con- 
nective tissue. Tlirough fatty degeneration of the round cells, a partial repair 
of the diseased mucous membrane can stiU take place. 

In other cases in which exudation has totally ceased, and in which a com- 
plete transformation of the new-formed tissue into fibrous connective tissue 
1ms taken place, we generally find the mucous membrane smooth, several 
times as thick as usual, pale, of a dull, tendon-gray colour, rigid, firmly united 
with the underlying structures, and slightly movable. The thickening and 
rigidity are not only found in the lining membrane of the tympanic cavity, but 
also in the folds of mucous membrane and ligaments which extend to the 
ossicles, as well as in the covering of tlie capsular ligaments. This thickening 
is gencrallj' most marked where the ossicles come into contact vdth the walls 
of the tympanic cavity. Only rarely does partial calcification or the formation 
of bone (Wendt) occur in the mucous membrane. Whether the changes in 
the middle-car mucous membrane mentioned here develop in consequence of 
a chronic interstitial inflammation without previous exudation has not yet 
been proved clinically and anatomically. 

In still another scries of cases wc find the tynnpanic cavity traversed by 
numerous membranous stria; and bands, wdiich often cross each other, and by 
which the membrana tj'mpani, the ossicles, and the tensor tendon are 
abnormally united with each other and with the -walls of the tympanum. 
They divide the ca'vmm tympani into two or more cavities (Fig. 134). These 
stria; develop less often as primary pathological formations,* but must be 
regarded (as the author has shown on a large series of specimens f) as thickened 
bands and folds, due to the catarrhal middle-car process, wdiich are so often 
met with in the normal car as the residue of the foetal mucous membrane 
cushion (Fig. 134). These stria;, which are formed from normal mucous 
membrane folds, as well as from pathological processes in the middle ear, 
are sometimes transformed into osseous trabecula; by the deposit of fime salts 
and by the incnistation of star-shaped corpuscles (de Rossi, Toynbee, v. 
Troltsch). IVe further find localized or extensive adhesions between the 
membrana tympani and the inner -wall of the tympanic cavity, and sometimes 
a partial or complete obliteration of the attic, or of the whole cavum tympani. 
This is caused by the transformation of the excessively proliferated inucous 
membrane into fibrous connective tissue, and by its complete union with the 
inner laymr of the membrana ty'mpani (mucosa) and with the covering of the 
ossicles. The author once found in the newly-formed connective tissue in 
the attic, isolated accumulations of adipose tissue. 

Through the changes in the tympanic cavity described above, the power 
of vibration of the sound-conducting apparatus is more or less ' 

The main factors in producing this impaired conduction are due to e 
adhesion of the ossicles to the rvalls of the tympanic cavity, and to an^ o i 
of the ossicular joints. The adhesions are brought about by the formation^_^ 
tense fibrous {ankylosis memhranacea s. spuria) or osseous tissue {ankyo 
ossea s. vera, Frey). The ankylosis affects either all the ossicles, or any o 
of them may be separately united with the ivaUs of the tympanic cavi y. 
Accordingly, we find an ankylosis between the head of the malleus a 
together with the body of the incus, with the tegmen tympani, or to®re 
be an adhesion between either of these two ossicles and the external ^ 
the tympanic cavity. In cases of congenital deafness the author . 

found the long process of the incus and the stapes adherent to the po 
wall of the cavum tympani. 

* Clarence J. Blake: ‘Reduplications of Mucous Membrane in 
Tympanic Cavity: their Clinical Importance ’ {Archives of Otology, v • ’ 

4, 1890). ^ dc 

t Politzer, Sur les changements anatomiqties des processus a 
I’oreille moyenne et leur diagnostic. Congres internal, de Medectne, 

1903. 
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A connective-tissue or osseous attachment of the crura of the stapes witli 
the fenestra ovalis is the most unfavourable termination of a catarrhal adhesive 
proeess of the middle ear. It affects either the stapes alone, or is combined 
with ankylosis of the malleus and incus, with adhesions between the membrana 
tympani, ossicles, and inner wall of the tympanic cavity, with the formation of 
striae and bridges in that cavity, and with thickening and ealeifieation of the 
membrane of the fenestra rotunda. 

According to the author’s observations, ankylosis of the crura of the stapes 
takes plaee most frequently with the inferior wall of the recess of the oval 
window (Fig. 135), more rarelj"^ with the anterior or posterior walls (Fig. 136) 


c 



c' 


Fig. 134. — Section through the Tympanic Cavity of a Deaf Man. 

h, Handle of the malleus; m, Tympanic membrane; an. Annulus tendinosus; 
st. Head of the stapes ; /, Facial nerve ; b, h', b''. Newly formed connective-tissue 
bridges in the tym2)anic cavity ; t, I', t". Spaces in the tympanic cavity formed by 
these membranous bands.' (From a specimen in the author’s collection.) 


In an individual said to have been congenitally deaf, the crura and head of 
the stapes were found to be united with the superior wall of the recess. 

Ankjdosis of the stapes is predisposed by congenital narrowing of the reeess 
of the fenestra ovalis, and by the presence of those thread and band-like fila- 
ments whieh are not infrequent^ found in great numbers in the ca'vum t3'm- 
pani and in the above-mentioned reeess. As heretofore stated, these bauds 
are the remains of the fcetal mucous membrane cushion; cases have even 
been observed in which the crura of the stapes have been enveloped bj’ the 
stria; in the form of a thick network (Fig. 137). Even in those cases in which 
these filaments and bridges of mucous membrane appear to be absent, one 
finds on closer examination a few bridges of mucous membrane connecting 
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tlio crura of the stapes with the walls of the recess (Gradenigo). The nearer 
the crura of tlie stapes lie to the walls of the recess in the normal state, the 
more easily will inflammation produce ankylosis of these parts (Politzer 
Gradenigo).* ’ 

The pathological changes in the fenestra cochlcse (rotunda) are not less 
important. In normal eases one also finds here threads or a fibrous frame- 
work stretched aeross the recess which leads to the membrane of the round 
window. In cases of chronic catarrh these bands form the basis of the con- 
nective-tissue masses which fiU the recess of the round mndow. Besides 
this, the author has frequently found the membrane closing in the round 
window thiekened (Fig. 138) and covered with a villous growth, and the recess 
itself greatly narrowed or completely closed. In two cases, the recesses of 



Fig. 135. — Adhesion of the Ckhha of the St..u>es 'W’ith the Lower Wau. 
OF THE PeLAHS OVALIS, FROM THE LeFT EaR OF A WoMAN, AGED 48 YeAKS, 
mio GRADUALLY GREW De^VF, AND UUIO DIED IN THE AlMSHOUSE. ThE 

Impairment of Hearing dating Twenty Years back in the Left, and 
Ten in the Right Ear. jMicroscopical Section through the Pelvis 
Ovalis and the Crura of the Stapes. 

p. Pelvis ovalis; o. Upper wall of the niclie; n. Mucous membrane of the lover 
wall of the niclie, which has been changed into fibrous connective tissue; 
st, si. Sections of the crura of the stapes covered with tough fibrous connective 
tissue. (From a specimen in the author’s collection.) 


both fenestraj were filled until adipose tissue. Calcification and ossification of 
the membrane of the fenestra rotunda ivere observed by Toynbee and v. Troltsoh 
in a few cases. . .. 

Besides the changes in the stapedio-vestibular articulation, one occasionally 
finds changes in the other articulations of the ossicles in the adhesive processes 
of the middle ear. Of these may be mentioned thickening of the mucous 
membrane covering the maUeo-incudal articulation and ankylosis of the jom 
itself (Toynbee, Zaufal, v. Troltscli, Hugo Frey). In ankylosis of this ]oin^ 
the author proved histologically that the cartilaginous articular surfaces, in- 
crusted with lime salts, are adherent to the meniscus and to each otiien 
Ankylosis of the stapedio-incudal articulation was found by Toynbee o y 
twice among 1,149 specimens. 


* Congres Otologique, Brussels, 1888. 
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What influence do the catarrhs of the middle ear have on the pathological 
changes in the Eustachian tube ? Experience has shown that the diffuse 
form, especially if combined with chronic naso -pharyngeal affections, may 
lead, through hypertrophy of the tubal mucous membrane and through 



Fig. 136. — ^Horizontal Section through the Niche of the Fenestr.\ 
OvALis AND Stapes of a Man, aged 77, who was nearly Deaf. Ad- 
hesion OF THE Posterior Crus of the Stapes ^VITH the Correspond- 
ing Wall of the Niche. 

j). Base of the stapes; si, Head of stapes; a, o'. Stapedio-vestibular articulation; 
V, Adherence of the posterior crus of the stapes with the wall of the niche. (From 

a specimen in the author’s collection.) 

slirinking of the submucous connective tissue, to slight or marked strictures 
of the tube. Kirchner found in one case the formation of diverticula on the 
floor of the Eustachian tube. The author has several times found the mucous 


s 



Pig. 137. — Niche of the Fenestra Ovalis, -mTH the Crura of the Stapes 
IN the Normal Ear of an Adult. Network of Bands extending froji 
THE Crura of the Stapes to the Walls of the Niche. 

c. Head of the stapes; ss. Crura of the stapes. 

membrane covered ivith stratified cylindrical or pavement epithelium, which 
was infiltrated with fat globules, and, furthermore, the submucous connective 
tissue thickened, the glandular layer hypertrophied in some places, atrophied 
m others, and once completely lacking. He has further observed that in some 
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cases the mucous membrane was glandular, papillary, or smooth, and the 
cartilage infiltrated with fat globules and pigment. 

The changes in the muscles of the Eustachian tube are of importance, 
because by their decreased power of action the ventilation of the middle ear, 
necessary for the function of hearing, is greatly impaired. Besides the paralytic 
conditions, duo to diphtheria and facial paralysis, we must mention fatty 
degeneration of the muscular apparatus of the pharyngeal portion of the tube 
met with in old persons and in cases of long-standing catarrli of the naso- 
pharynx. One also sees atrophy and cicatricial contraction of the muscles 
in consequence of ulceration (syphilis, scrofula) of the naso-pharyngeal mucous 
membrane, as well as restricted action of the muscles in defects of the palate, 
in cleft palate, and in adhesions of the velum palati to the wails of the phar^mx. 

The pathological changes in the intratympanic muscles consist of fatty 
degeneration, atrophy, and cicatricial or colloid degeneration (Moos). These 
arc caused partly by inflammation of the mucous membrane of the middle ear 
near these muscles, and partly bj' their non-use in consequence of ankylosis 



Fig. 138. — Anteriok Section tiibough the ISTche of the Fenestk.4 
Rotunda in a Woman aged 80 Years. Thickening and Hypebtropht 

OF THE Mucous klEMBRANE COVERING THE FeNESTRA RoTUNDA FOIiOW- 

iNG Middle-Ear Catarrh. 

pr. Promontory; r, r', Membrana fenestrjo rotundfe; e, H3q)ertrophic mucous mem- 
brane covering tlie membrana fenestra; rotunda;. (From a specimen in the 
author’s collection.) 


of the ossicles with the walls of the tympanum. In spite of the fact that these 
degenerative changes are generally attributed to the- arrested action ot tie 
muscles, the author could nevertheless often find no changes in the intrinsic 
muscles of the ear even in a long-standing ankylosis of the stapes. 

That, in catarrhal adhesive processes, analogous changes may develop in the 
labyrinthine capsule just as in the typical forms of otosclerosis, has been proven 
anatomically (mixed forms) by the author in his article ‘ On Primary Ois^se 
of the Labyrinthine Capsule ’ {ZeHschrift fiir OJirenJieilkmde, vol. ^xv.). t ' 
pathological changes in thel abyrinth which are associated with these middle-e 
processes will be referred to in the chapter dealing with this subject. 

Of the changes in the labyiunth and auditory nerve which accompany 
chronic catarrhal adhesive processes, and which will again be referred to xa , 
we must mention amyloid degeneration of the terminal filaments of the aco 
nerve (Voltolini), and the deposit of pigment in the cocldea. 
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Etiology and Occurrence. — The most frequent causes -which 
favour the development of. a catarrhal adhesive process from a 
middle-ear catarrh are: 

(1) Frequent relapses of an exudative middle-ear catarrh. 
(2) Chronic affections of the naso-pharynx and ozssna which 
keep up the middle-ear catarrh. (3) Paresis and paralysis of 
the muscles of the palate and tube owing to a paralysis of the 
facial nerve after diphtheria; furthermore, fatty degeneration 
and atrophy of these muscles by which the ventilation necessary 
for the function of hearing is impaired.* (4) General diseases, 
especially a lymphatic diathesis, tuberculosis, syphilis, Bright’s 
disease, chronic rheumatism, anaemia, and marasmus. (5) Preg- 
nancy and the puerperal state. (6) Hereditary predisposition. 



Fig. 139. — Semilunar Opacity be- 
hind THE Handle of the Malleus 
IN A Woman 38 Years Old. 

Duration of the ear disease six years; 
greatly aggravated during the last 
three. Acoumeter = 1 cm . Speech = 
10 cm . Perception through the bones 
of the skull unaltered. The tuning- 
fork placed on vertex was heard best 
in the affected ear. 



Fig. 140. — Semilunar Chalky De- 
posit IN Front of the Handle of 
THE Malleus in a Man 38 Years 
Old 


(7) External injurious influences, such as frequent colds, a long 
sojourn in a cold, moist climate, unfavourable occupation and 
poor hygienic surroundings. (8) The over-indulgence in alcoholic 
beverages and the excessive use of tobacco. 

Catarrhal adhesive processes in the middle ear occur most 
frequently in middle-aged and old people, less frequently in 
children and young persons. The latter, however, are most 
subject to the exudative forms of catarrh. The catarrhal adhe- 
siA^e processes which deA^elop during childhood are due to general 
disturbances of nutrition, especially to a lymiDhatic diathesis, 
hereditary syphilis, amemia, or to hereditary predisposition. In 
the constitutional diseases of childhood mentioned here, the 
danger that the catarrh Avill become chronic is increased owing 
to the frequency of naso-pharyngeal catarrhs. The fact must 

* According to Royet, the adhesion of the Eustachian tube with the posterior 
pharjuigeal wall is a frequent cause of adhesive changes in the tympanic 
cavity. 
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not be lost sight of that the adhesive processes in the middle-aged 
are frequently caused by catarrhs which date from childhood. 

The disease usually occurs in both ears; it is rare to fin'd 
it confined to one ear during the entire life of the patient. When 
the affection is 'bilateral, it usually presents the same character 
in both ears. Sometimes the symptoms of an exudative 
catarrh are well marked in one ear, while an adhesive process 
exists in the other. 


Condition of the Membrana Tympani. — The most important 
changes on the drum membrane which warrant the diagnosis of 
a catarrhal adhesive procass in the middle ear are opacities and 
retractions. The opacities are either circumscribed or take in 
the entire membrane. The circumscribed or partial opacities 
have a tendon-gray colour, are striated or spotted, and sharp- 
er ill-defined, between Avhich the normal or partially opaque 

portions of the drum membrane appear 
j ^ ~\ as dark spots apparently deeper. These 

' opacities vary greatly in size and shape. 

A very common opacity is the semilunar, 
which is situated behind the manubrium; 
its margins are ill-defined, and its colour 
is tendon-gray, or similar to milk-white 
glass (Fig. 140). Peripheral, whitish-gray 
{ and circular opacities are found just as 

_ __ frequently; they may be compared to the 

^snArED"c?2Ky^''DE- senilis of the cornea, and are due to 

POSIT IN tue'^ Mem- thickening of the mucous membrane 
BBANA Tysipani OF A of the periphery of the membrana tympani 
Woman 30 Years Old. and to opacity of the annulus tendinosus. 
Duration of the ear disease Calcareous deposits on the membrana 
tenyeare. Tinnitus scl- tympani are less frequently observed. 

cm. Spcecli=3m. When they do occur they appear as 

chalky-white, sharply defined spots, 
situated between the handle of the malleus and the periphery 
of the membrane. They are found most frequently in front of 
the handle of the malleus, more rarely behind it, in the shape 
of crescents with their convex margins directed towards the 
periphery (Fig. 140). Sometimes accumulations of chalk are 
situated both in front of and behind the handle, or the inferior 
extremity of the manubrium is surrounded by a horseshoe- 


shaped deposit (Pig. 141). 

When the membrana tympani is entirely clouded, it appears 
either of a homogeneous, bluish- white colour, like a glass surface 
that has been breathed upon, or irregularly spotted gray; it 
may furthermore have the appearance of a non-transparent, 
saturated, whitish - gray membrane, resembling frosted glass, 
upon which the posterior fold of the membrana^ tympani is 
plainly marked. When the membrana tympani is greatly 
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thickened, or when it is united with the inner Avail of the 
tympanic cavity, it presents the appearance of a yelloAvish disc 
of parchment. In those cases in which the connective tissue 
in the cavum tympani causing this adhesion is very hyper- 
semic, the membrana tympani has a reddish- or bluish-graj’- 
appearance. The handle of the malleus is often ill-defined, 
apparently widened, and at times reddened by injection of its 
vessels; the umbonic opacity is enlarged; the light reflex is 
either normal or irregularly ill- defined, and Avhen the membrana 
tympani is retracted, appears markedly narrowed and length- 
ened or at times shortened or entirely lacking. 

Besides the above changes, the curvature of the membrane 
presents marked alterations. It appears to a greater or less 
extent strongly draAvn inwards, the handle of the malleus fore- 



Fig. 142. — Retraction of the 
Membrana Tviupani, Fore- 
shortening OP THE Handle of 
THE HaMSIER, SeMXCIRCULAR PRO- 
MINENCE OF THE Posterior Fold. 
From a Woman who had Chronic 
Middle-Ear Catarrh for Sevhn 
Years. 

Acoumeter=4cm. Speech = lin. Rinne 
negative. 


t 
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Fig. 143. — Circtjmscr3ed Depres- 
sions IN the Anterior Inferior 
Quadrant of the Left Membrana 
Tympani of a Scrofulous Girl, 
■ 12 Years of Age. The Altera- 
tions OP the Membrane ha d been 
developing for Several Years 

^VHILE UNDER OBSERVATION. 


shortened, displaced inwards, backwards and upwards, and partly 
covered by the posterior segment of the membrane; further- 
more, the short process and the fold of membrane (Pig. 142), 
extending straight backwards or bow-shaped downwards from 
it (posterior fold), are very prominent.* Two short folds often 
extend from the processus brevis to the Rivinian segment 
and enclose Shrapnell’s membrane, which is either retracted or 
united with the neck of the hammer and the visible superior 
surface of the short process. The membrana tympani is either 
thickened or atrophic, presenting many linear reflections of light 
which run in a radiating direction. 

In addition, circumscribed retracted portions, similar to scars 

* Bing was the first to observe that, in rare cases, a second fold is seen 
underneath the posterior fold of the membrana tympani, extending from the 
middle of the manubrium towards the'posterior margin of the membrane. 
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on the membrana tympani, are not infrequently observed, vhich 
are caused either by partial atrophy (Pig. 143), or by ligamentous 
or direct union of the membrana tympani to the inner wall 
of the tympanic cavity (Pig. 144). They appear either as round 
or oval depressions, surrounded by opaque or thickened portions 
of the drum membrane (Pig. 143), or as extensive depressions 
situated mainly behind the handle of the malleus; when the 
latter is the case, the atrophied part comes into contact with the 
inner wall of the tympanum, so that the articulation of the incus 
and stapes becomes visible. When Shrapnell’s membrane is 
adherent to the neck of the malleus, one sees above the processus 
brevis a marked depression, in wdiich the outline of the neck 



Fig. 144 . — Ciucumscribed Adhesion 
OF THE Membrana Tympani to 
THE Promontory underneath 
THE Handle of the JLvlleus. 

a, Place of adhesion on the promontory. 
(From a specimen of the author’s 
now in the Miitter Museum in Phila- 
delphia.) 


a 



Fig. 145 . — Section through the 
SIalleus and the External 
Attic of the CA^’UM Tympani. 

h, The head of the malleus; j), Processus 
brevis; a. External attic; «, Membrana 
Shrapnelli adherent to the neck of pie 
malleus ; c, Vascular canal leading 
from the external attic into the 
meatus. (From a specimen in the 
author’s collection.) 


can be plainlj^ seen (Pig. 145). If ShrapnelTs membrane is 
immovable w'hen examining with the pneumatic speculum, it 
may be assumed that it is adherent to the neck of the hammer. 
One sometimes finds atrophic spots bulging outwards in the 
posterior superior quadrant of the membrana tympani (Politzer, 
Gomperz). 

Subjective Symptoms. — Subjective noises in this form of 
middle-ear disease-are much more frequent than in the exudative 
catarrhs. The noises are intermittent, often, howevei) continu- 
ous. When they are continuous, it may be assumed with proba- 
bility that the labyrinth is coincidently affected. The noises 
become very annoying in bad weather, after indulgence in 
alcoholic beverages, when the patient is affected with a severe 
coryza, after excessive mental Avork or nervous excitemen , 
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after great fatigue and bodily indisposition, during pregnancy, 
etc. Sometimes these paroxysms of subjective noises spread 
over the whole head. It is a remarkable fact that children rarely 
complain of subjective noises. In cases in which, after the air- 
douche or after rarefaction of the air in the external meatus, 
the subjective noises either cease or become less intense, it may 
be assumed that this is caused by a decrease in the pressure of 
the labyrinth, produced by the adhesive process. 

Pain in the ear in the adhesive processes is, on the whole, 
seldom observed ; it is either of a neuralgic nature or secondary 
to a reactive, intercurrent inflammation. In the latter case, 
hypersemia and inflammatory 'phenomena are always visible 
on the membrana tympani. One often observes a hyperaesthesia 
to noises (hypersesthesia acustica) not proportionate to the 
disturbance of hearing; this is especially the case in regard to 
shrill tones, music, and loud speech. 

In addition to the subjective noises, the patient often com- 
plains of a marked feeling of fulness in the head, a sensation of 
weight and pressure in the head, stupefaction, and dizziness. 
The latter symptom, which folloAvs a sudden rise in pressure or 
congestive hyperaemia in the labyrinth, sometimes occurs 
with attacks of nausea, vomiting, unsteadiness of gait, marked 
increase in the tinnitus, and with a sudden, often permanent, 
diminution in the hearing (Meniere’s symptoms) ; or the attack 
is less severe, of shorter duration, and disappears without leav- 
ing any sequelae. Psychical depression, inability to think 
(v. Troltsch), aprosexia (Guye), and weakness of memory are 
not infrequent symptoms in this form of middle-ear disease. 

Disturbance of Hearing. — The degree of the disturbance of 
hearing is generally dependent on the extent of the obstruction 
in the sound-conducting apparatus, and on the simultaneous 
changes in the labyrinth. Great variations in the hearing dis- 
tance, , especially marked increase, are less often observed here 
than in the exudative catarrhs. Most patients hear better in the 
morning than in the evening. Severe deafness of a transient 
nature is often observed during mastication. Conditions of the 
weather and marked changes in temperature, in addition to 
bodily indisposition and general debility, often have a dele- 
terious influence on the function of hearing. According to 
Urbantschitsch, the function of hearing in one ear decreases 
for a certain time, while that of the other ear shows a corre- 
sponding increase (alternating deafness). 

The deafness for speech is most marked, while often very 
slight noises — as, for example, the fall of a needle — are easily 
heard. Similarly, persons with a high degree of deafness often 
hear music and singing rather well when not at too great a 
distance away. In severe disturbances of hearing, deep tones 
and pianissimo are no longer heard. The power of hearing better 
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in noises is not, infrequently observed in the adhesive processes 
but not as frequent as in otosclerosis. ' 

The perception through the cranial bones for the watch and 
acoumeter may be normal, but more often, however, it is dimin- 
ished or entirely absent. _ This is especially the case in individuals 
in Avhom the auial affection dates from childhoodj furthermore 
in old cases complicated with labyrinthine disease, in emaciated,' 
anaemic, and cachectic individuals, in syphilis and advanced age! 
The tests wdth tlie tuning-fork generally give the results described 
in middle-ear catarrh {vide Diagnosis). 

Concerning the results of auscultation in adhesive processes, 
the author refers the reader to p. 120. 

The_ decrease in the power of hearing in adhesive processes of 
the middle ear is seldom uniform. One often observes during 
the course of the disease intervals in wdiich the deafness either 
remains stationary or slightly improves. Such intervals may 
be followed by a gradual or sudden decrease in the hearing, 
which progresses until the deafness has reached a stage in which 
it can hardly be benefited, or has become complete. A pro- 
gressive increase in the deafness develops in these cases just as 
in the typical forms of otosclerosis. Total deafness is, on the 
whole, rare. When such is the case, it develops either gradually 
and without marked sj'-mptoms, or suddenly by the intercurrence 
of a labyrinthine affection, and is then associated with severe 
tinnitus, dizziness, and fulness of the head. The author regards 
catching cold, the effect of very loud noises, concussion of the 
head, mental affections, excesses, brain and spinal cord disease, 
syphilis and old age, as the most frequent causes of such per- 
manent or transient deafness. 

The author -would like to lay special stress on the fact that 
in unilateral deafness of a high degree the tendency of the nomal 
ear to become diseased is considerably increased. Experience 
shows that when, in unilateral deafness of a high degree the normal 
ear also becomes diseased, the deafness does not develop 
gradually, but usually very rapidly, and that not infrequently 
in a short time the second ear becomes more deaf than the one 
which had been affected for years. 

While, in an overwhelming majority of cases, the affection 
remains stationary or there is a constant increase in the deafness, 
patients are, nevertheless, sometimes observed in whom, after a 
protracted local treatment, a marked temporary or permanent 
improvement in the hearing suddenly takes place. This is mostly 
due to an improvement in the permeability of the Eustachian 
tube, or to the disappearance of an anomaly in tension in the 
sound-conducting apparatus. Experience has shown that long- 
standing, chronic middle- ear catarrhs may heal spontaneously 
with a complete restitution of the hearing— a fact which proves 
that chronic catarrh of the middle-ear mucous membrane does 
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not always cause adhesive tissue changes in the tympanic cavity. 
Finally, it must he mentioned that a serous or mucous exudation 
in the middle ear may arise in the course of a chronic adhesive 
process, and that, furthermore, an acute reactive inflammation 
or an acute perforative suppuration of the middle ear may com- 
plicate the process. When this latter complication arises, it 
goes without saying that a permanent or temporary diminution 
in the hearing ensues. Only in exceptional cases is a decided 
improvement in the hearing observed after the reactive inflamma- 
tion has ceased. 

Diagnosis. — The diagnosis of catarrhal adhesive processes in 
the middle ear is not difficult when the otoscopic examination 
presents changes in the drum membrane already described. 
These conditions of the membrana tympani, when taken in con- 
junction with ‘the course of the disease, the subjective symptoms, 
the results of the hearing tests, and the auscultation sounds 
heard during catheterization, will allow us to conclude, in the 
majority of cases, that the deafness is due to pathological changes 
in the sound-conducting apparatus. 

In addition to these characteristic changes on the mem- 
brana tympani, the results of the tuning-fork tests are absolutely 
necessary for a diagnosis. In unilateral affections, Weber’s 
test is of conclusive value for the diagnosis of an adhesive process 
in the middle ear only if the perception is lateralized in the 
diseased ear. Tn bilateral deafness of a high degree, Weber’s 
test is of less diagnostic value than Einne’s. Marked negative 
Einne associated with a failure of perception for the lower tones 
and lengthened perception for the tone of the tuning-fork through 
the cranial bones (Schwabach) are the most positive diagnostic 
signs of an obstruction in the sound-conducting apparatus. If 
the middle-ear affection is comj)licated with advanced laby- 
rinthine disease, Einne’s test gives no certain result, inasmuch 
as the tone of the tuning-fork may not be heard any longer 
before the ear than on the mastoid process. A marked diminu- 
tion in the duration of perception for the tone of the tuning-fork 
through the cranial bones (in persons under sixty years) allows 
one to assume that the process is complicated with a labyrinthine 
disease. High tones are heard relatively better than low ones, 
yet the perception for the highest perceptible tones is often 
diminished. 

Adhesions between the membrana tympani and the inner wall 
of the tympanic cavity, as well as anomalies of tension in the 
sound-conducting apparatus, are diagnosed by inspection of the 
membrane during an inflation, and by the subsequent examination 
with Siogle’s speculum. Thinned parts of the membrane which 
only lie in contact with the inner Avail of the tympanum, or Avith 
the incudo-stapedial articulation, bulge forAvard, like bubbles 
after an inflation, and show a marked mobility AA’hen testing Avith 



• 3o6 


DISEASES OF THE EAR 


Siegle’s speculum. The bulged-out parts either remain in this 
position for some time or quickly collapse. In like manner one 
often observes that markedly retracted membranes sink back 
quickly after an inflation. Where synechife exist, however, the 
sunken adherent places remain unaltered during an air-douche, 
or -when testing with the jmeumatic speculum. Bridge-like 
bands between the membrane and the inner wall of the tympanic 
cavity cannot bo diagnosed by this method, because these strim 
often still possess a certain amount of elasticity, and do not 
retract the membrane. 

Anomalies of tension of the membrana tympani cannot be 
determined by inspection alone. This is explained by the fact 
that membranes w’hich appear perfectly normal sometimes prove 
to be abnormally tense or markedly atrophic and very movable 
when examined Avith the pneumatic speculum. In like manner 
one often finds a very cloudy, retracted, apparently thickened 
membrane highly relaxed when using Siegle’s speculum. As the 
normal membrane presents individual variations of tension, Ave 
can conclude that the tension is increased only by a marked 
diminution in the mobility of the membrane, or its localized 
parts. On the other hand, a relaxed membrane is determined by 
its excessive mobility, A marked movement of the handle of 
the malleus excludes an ankylosis of this ossicle, and also of the 
incus. In ankylosis of the incus, the mobility of the malleus is 
also diminished. Limited changes in the tension of the mem- 
brana tympani maj^ exist Avithout marked disturbance of hearing. 

In a considerable number of cases in Avhich there are patho- 
logical changes on the membrana tympani and a slight imper- 
meability of the tube, the progressive course, the subjective 
symptoms, and the results of the hearing tests are the same as in 
typical cases of otosclerosis. In many it is exceedingly difficult 
to make a differential diagnosis. This is based on the fact that, 
besides adhesive changes in the tympanic cavity, otosclerotic 
changes are also found in the labyrinthine capsule. Such 
mixed forms occur rather frequently. It is impossible to make 
a positive diagnosis, because the cataiyhal changes localizec 
in the middle ear often present the same clinical picture. Numei- 
ous anatomical and clinical obserAuitions are still necessary m 
order to establish a differential diagnosis betAveen these processes. 

Prognosis. — Inasmuch as Ave have to deal, in eatarna 
adhesWe processes in the middle ear, AA'ith products of disease 
Avhich haAm become organized, a complete return to the 
state is out of the question. Our prognosis depends on the 
of the disease and on the results of the objective examina lo 
that is, Avhether in the further course of the disease the is 

ance of hearing increases sloAA'ly or rapidly. , . 

The prognosis may be said to be relatively more 
Avhen, in spite of the fact that the disease is of long ui > 
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the disturbance of hearing is not of a high degree, and the power 
of perception of the auditory nerve through the cranial bones is 
not lessened; also, if the affection has run its course Avithout 
subjective noises, or if thej'' only occur at intervals. The prog- 
nosis is furthermore favourable if a marked improvement in the 
hearing and a lessening of the tinnitus are observed after the 
inflation of air into the tympanic cavity. 

On the other hand, the prognosis is unfavourable where, after 
a short duration of the disease, a considerable disturbance of 
hearing has already developed; where the subjective noises con- 
tinue uninterruptedly; where the perception through the cranial 
bones is either shortened or entirely absent; and where an increase 
in the hearing distance after an inflation of air into the middle 
car is either imperceptible or very trifling. We may expect a 
rapid decrease in the hearing in those cases in which the disease 
has only lasted a short time, and the perception through the 
cranial bones is already lost. The i^rognosis is furthermore 
unfavourable in old and lymphatic individuals, in anosmia, 
tuberculosis, marasmus, and cachexia, where there is an un- 
doubted hereditary predisposition, and in cases in which harm- 
ful influences cannot bo removed — in other words, where the 
external conditions of life, such as calling and occupation, have 
an unfavourable influence on the course of the disease. 

Treatment. — In the treatment of catarrhal adhesive processes 
our main purpose is not only to improve the power of hearing as 
much as possible, but also to stay the rapid progress of the 
disease. Besides this, it should bo our endeavour to mitigate the 
tormenting subjective noises, as Avell as the troublesome head 
symptoms which usually accompany this disease. 

Inflations of Air into the Middle Ear, — Inflations of air into 
the middle ear in catarrhal adhesive processes produce much 
less improvement in the hearing than in the exudative catarrhs; 
relativel}'-, the best results are obtained by Politzerization, 
provided that the tube is not strictured to such a degree that 
air cannot enter with sufficient force into the middle ear. When 
the lube is permeable, inflations of air through the catheter are 
less effective than the air-douche according to the author’s 
me! hod. Experience has shown that onl}’’ in cases of marked 
stricture of the Eustachian tube, the air-douche by means of the 
catheler produces not onl^’- a more marked improvement in 
hearing, but also a greater relief of the subjective symptoms. 
The force of the inflation must be regulated according to the 
obstruction in the Eustachian tube, and according to the degree 
of tension of the membrana tympani. 

If, immediately after an inflation of air, a considerable im- 
provement in the hearing takes place, a good result maj" generallj' 
be expected from the treatment. It must, however, be men- 
tioned that, in most cases, the improvement in hearing after the 
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air-clouclio disappears within tAventy-four hours, and a longer 
continuance of the improvement will be noticed only after its 
repeated use. It is very important, in the treatment of adhesive 
processes, that the inflations should not be given daily, but only 
every second or third day. As a rule, however, we rarely employ 
the air-douche alone in this form of disease. It is more often 
used in combination with the introduction of medicated fluids 
into the tympanic cavity through the tube, and Avith rarefaction 
and condensation of the air in the external meatus (pneumo- 
massage). Wo have learned from experience that, in the majority 
of cases, a better result is obtained by the combination of these 
methods than by the air-douche alone. 


The statements of various authors differ greatly as to the results obtained 
in the treatment of chronie middle-car cataiTh by compressed air in the so-ca c 
pneumatic cabinets. V. Troltsch and Magnus {A.f. 0 ., vol. i.) say la icrc 
is absolutely no value in this method of treatment. In the majon y o 
cases observed by the author, the effect of the pneumatic cabinet in which the 
air was condensed could not bo estimated, because, according to le 
of the patients. Politzerization had been practised simultaneously, in case 
ill which the patient was exposed only to the cfTect of 
cabinet, the result was less than after the application .1 

author’s method or by catheterization. Only 111 one case ° . treatment, 

a considerable improvement in the hearing after , observed 

whore formerly local treatment had been without result. Goi p 
a change for the ivorsc after a pneumatic treatment. 

Local Medicinal Treatment.— Medicaments used in 

mont of adhesiAm processes are introduced into the 
either in solution, or in the form of ^^pours. . 

The action of drugs inay be attributed to the fo S 

1. Since the introduction of vapour, as Avell as tl J „ , ^ 

small quantities of fluid hito the middle caib hearing 

by a certain amount of air-pressure, the impiov action 

nfust, to a great extent, be attributed to the simultaneous action 

of tlio iiiflntions of ciir. -in omidp n mors 

2. Medicaments introduced into imnments of the 

or less marked reactive irritatiqn by and thereby 

ossicles, which have become rigid, are loosened, ai 

become more easily stretched after mucous 

3. In cases in Avhich there is still /j/^.and cells, 

membrane of the middle ear due to infiltration ^ 

the unorganized, cellular elements n^^-^ ' 

absorbed as a result of the irritation set np 7 injections of 
Injections.* — In catarrhal adhesive p niore often 

medicated solutions into the , proved most 

used than vapours. A 

serviceable are: sodium bicarbonate (R/ • • ^ q lukeAvarni) 

10-0, glycerin, pur. 2-0, 8-10 drops to be m^^c^ ,dl.c- 
causes, after its injection, a slight tempoiaiy buinin, 

* Method of injecting fluids into the middle ear, see pp. 1 . - 
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sive processes of tlie middle ear combined with swelling of the 
tube, it is preferable to employ the muriate of pilocarpine (1-2 per- 
cent. sol.), of which 6-6 drops are injected. This quantity, if 
injected into the middle ear, produces neither salivation nor 
sweats. Instead of sterilized, liquid vaselin, which causes no re- 
action, and which has been recommended by Charles Delstanchc, 
it is better to use, in catarrhs complicated with swelling of 
the tube, a solution of oleinate of zinc in vaselin (0-3 : 30-0, 
15 drops to be injected). In pronounced syphilitic affections 
of the middle ear, with or without a labyrinthine complication, 
a solution of potassium iodide (2-0 : 20-0, 10-20 drops) may be 
used; this must always, howeA^cr, be combined Avith a general 
antisyphilitic treatment. When a coryza or an angina arises 
from the iodide -injections, they must be stopped. 

In cases of marked stricture of the Eustachian tube, the 
injections must be preceded by dilatation of the tube with 
suitable bougies {vide chapter on Strictures of the Tube). 

Of the numerous solutions recommended for injection into the middle e.sr 
the following may be mentioned: Caustic potash, in the proportion of 1:400 
(Pappenheim, Schwartze); lithium carbonate, 0-1 :. 10 -0 (v. Troltsch); sal 
ammoniac, 0-5 : 40-0; chloride of sodium, 0-5 ; 15-0; chloral hj'drate, for sub- 
jective noises, 1-0 : 30-0 (Lucao, Wreden); acetic or lactic acid, 1-5 drops 
in 40-0 of water; muriatic acid, 1-3 drops in 40-0 of water. The greatest 
reaction is caused by solutions of jrotash and soda, acetic acid, nitrate of 
silver, sal ammoniac, chloride of sodium and copper sulphate (dc Rossi). 

Injections of irritating drugs A\dnch produce a violent reaction 
must be avoided. Experience shoAVS that sometimes, after the 
injection of such drugs, a reactive inflammation is brought 
about, Avhich is folloAved by a transient improvement in hearing. 
In the majority of cases, hoAvcA'^er, this is folloAved later by a 
marked change for the Avorse. 

Vapours. — The introduction of medicated vapours into the 
middle ear for the treatment of chronic middle-ear catarrh is 
now employed less frequently. They also produce more or less 
marked irritation to the mucous membrane of the middle ear, 
Avhercbj’- the effect of an inflation of air is increased. The ques- 
tion Avhether injections or Ampours afford the best results must be 
ansAvered by the fact that in some cases the former, in others the 
la 1, ter, prove more beneficial. As a rule, injections are preferable 
to the introduction of vapours into the middle car, as they are 
more convenient, take up less of the patient’s time, and are not 
so annoying. One may try, hoAvever, the introduction of vapours 
Avhon the first fcAV injections proA'e of no avail, or are even detri- 
menfal; in such cases one sometimes obtains better results after 
the use of vapoAirs. 

Sal ammoniac and turpentine vapours (ok terebinthin. 15-0, 
mentholi 1-0) Avere the ones most commonl}* used, although many 
other combinations of oils, etc., have lately found their Avay into 
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practice. In catarrhs accompanied by continuous subiective 
noises good results have been obtained from the introduction of 
vapours of ethyl iodide (Burckhardt-Merian), acetic ether, or a 
mixture of ethyl chloride, acetic ether, aa 5-0, and tincture of 
iodine 0-2, The latter may be alternate with injections. 

The vapours wliicli wore formerly used in the treatment of chronic affections 
of the middle car, and ndiich were said to be of special value, are those of 
steam, sal ainmoniac, iodine (Delstanche), acetic acid, acetone, pyroligneous 
acid, tar (Bonnafont), carbonic acid (Ructc), oxygen (Cozzolino) and hydrotren 
gas (Ldwenberg). ° 

Instead of the irritating drug thiosinamin (16 per cent.), which in the last 
few years has been recommended by various authors for subcutaneous injection, 
Merck’s sterilized hbrolysin has recently been used. Of a phial containing 
11 e.c. of this solution, at first one-half, and later the entire contents, are 
injected into the arm, neck, or mastoid process. Siebenmann regards the 
supposed favourable results as very doubtful, for the reason that, in liis clinic, 
Dp Mbgerlo systematically tested a large number of specially selected cases 
with fibrolysin without tlic slightest success. One must not place too much 
imjiorfance on the action of fibrolysin, ns in some cases of clwonic middle-ear 
catarrh a temporary', marked improvement in the hearing may arise, which 
may also come on sxionlaneously from any other form of treatment. 


When a cai.arrlial adhesive process is associated with a 
retracted membrana tympani, rarefaction of the air in the 
external auditory canal is a good local therapeutic measure {vide 
p. 135). It very often brings about not only a striking improve- 
ment in the hearing, but also a diminution in the subjective 
noises and the removal of the troublesome head symptoms 
(Schwabach, Zeii.fur Ohren., vol. xxxix.). Where the membrana 
tympani is neither retracted nor atrophic, but shows a cloudiness 
and a diminished mobility, massage with Delstanehe’s masseur 
or by means of the electro-motor apparatus is indicated. The 
strength of the pressure and the duration of pneumo-massage 
should always be governed by the results in every case. _ Where, 
through pneumo-massage, the tinnitus is permanently increased 
and the power of hearing is diminislied — which is not infre- 
quently the case — the use of this procedure must be stopped. 
Not infrequently massage with Delstanche’s hand masseur is 
more beneficial than that with the electro-motor apparatus. It 
the pneumo-massage has no effect, we may resort to the ‘ message- 
probe ’ of Lucae. This is hardly over used, as it is very painful, 
and usually gives no results. 

The result of local treatment depends on the anatomical cause 
of the disturbance in hearing. As a rule, where the deafness is 
not great, and where a noticeable increase in the hearing takes 
place after the first few inflations of air, a better result may oe 
expected than in those cases in which the function of hearing has 
already considerably deteriorated, and in which no alteration m 
the power of hearing, or only a slight one, is apparent after t 
Eustachian tube has been made permeable. One must, lion eve , 
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be very cautious in the prognosis as regards the results to be 
obtained from treatment, as one sometimes accomplishes only 
little in cases "which seem apparently favourable, and, reversely, 
in cases which seem severe, a striking improvement in the 
hearing sometimes takes place. In like manner, in cases of 
bilateral catarrh it is often observed (contrary to our expecta- 
tions) that the power of hearing of the more affected ear is so 
improved by treatment that it even surpasses the former better- 
hearing ear. Complete deafness for speech does not exclude the 
possibility of improving the hearing. For the author has often 
observed, in cases in which both ears were affectecl and in which 
the power of hearing speech in the one ear was quite lost, an 
improvement in the hearing distance of the deafer ear to the 
extent of 1 metre during treatment. 

The duration of the treatment is of great importance. In most 
cases a change for the worse takes place after a too protracted 
treatment. It therefore behoves us to continue the treatment 
only as longas a steady increase in the hearing distance is observed. 
If, after treatment for several weeks, no improvement is noticed, 
the treatment must be stopped, for, if persisted in, the improve- 
ment in hearing already attained will quickly disappear again. 
The length of time it takes to arrive at the best possible result 
varies greatly; in most cases it ranges between two and six weeks. 
There are cases in which the greatest improvement in the hearing 
is observed only after treatment for three or four months and 
over; such cases, however, are rare. 

The increase in the power of hearing is most striking during 
the first six or eight days of treatment; during the further 
course the improvement is a gradual one. In some cases an 
improvement takes place only in the latter stage of the treatment. 
When the power of hearing is increasing, local treatment often 
produces a remarkable improvement in the subjective noises and 
annoying head symptoms. Often, however, the subjective noises 
remain unaltered, in spite of the fact’ that an improvement in 
hearing has been attained. In like manner, one occasionally 
observes, in cases in which there is no improvement in the 
hearing, a disappearance of the head symptoms and of the 
psychical depression. 

The author has already mentioned that in unilateral deafness 
of a high degree the predisposition of the other normal ear to 
become diseased is very much increased ; therefore the occasional 
treatment of unilateral ear affections is very important. If it is 
possible to improve the hearing of the affected ear and to prevent 
it from becoming completely deaf, the normal ear will not bo 
affected as easily as if the process were allowed to pursue its own 
course until the function of the diseased ear had been com- 
pletely lost. 

The improvement in hearing resulting from the treatment of 
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catarrhal adhesive processes is rarely a lasting one. - In most 
cases a decrease in the hearing distance is observed a few months 
after treatment; it is therefore necessary, in most eases, lo resort 
to an occasional after-treatment, in order to counteract the rapid 
progress of the disease. This consists either in an occasiomal 
repetition of _the_ method of treatment previously described, in 
wliicli case injections and inflations of air are administered alter- 
nately, or in the exclusive application of the air-douche at stated 
intervals. Experience shows that, in many cases in which a 
steadily progressive decrease in the hearing distance takes place, 
a repetition of the treatment — once or twdee a year for a period 
of several weeks — causes either a stationary condition of the 
hearing or retards the progress of the disease. 

As an after-treatment the author recommends, in many cases, 
inflations of air into the middle ear according to his method. 
iStross, however, must be laid on the fact that repeated daily 
inflations of air into the middle ear may produce a decided change 
for the worse in the power of hearing. Therefore, the method 
should be practised only two to three times a w'eek, and, after its 
application for throe to four weeks, a pause of one, two, or three 
months must follow. If, at the end of this time, another diminu- 
tion in the hearing becomes apparent, the inflations should be 
rc])ea(.od in the same manner. 

Altliougli Valsalva’s method is recommended by some aurists, its use should 
nevcrthelcs.s be discouraged, for the reason that it may produce a momentary 
improvement in tlie licaring, wbicb induces the patient to practise it a great 
number of times during the day. It has been observed that if the Valsalva 
method is used too frequently, the bearing distance diminishes, until 
after its continued misuse, the patient becomes decidedly v'orse or comple ey 
deaf. It is, therefore, the duty of the physician to rvarn the patients or c 
evil consequences following the misuse of tliis method. Similar^, tnepatien 
should be cautioned against the abuse of catheterization and Politzerization, < 
well ns the rarefaction of air in tlic external auditory' canal and the pneuina 
massage of the membrana tympani. 

Strictures of the Eustachian Tube and their Treatment.-- 
Strictures of the ttibe following middle-ear catarrh are proc uce 
either by swelling or tumefaction of the mucous membrane, or ly 
the formation of new connective tissue in the submucous ay > 
the latter have a tendency to contract, and are known as le 
organic strictures of the canal. . , „ 

Strictures due to swelling are most frequently ^ ‘ 

catarrh of the middle ear and tube extending from , ‘ 
pharynx; sometimes, howmver, by primary nnddle-ear ' 
The connective- tissue strictures are usually the resu 
standing, chronic middle-ear catarrh, and are associa 
chronic hyirertrophic catarrh of the naso-pharynx an 
Besides these, the canal may be narrowed by the al-ull* a 

grow'ths in the naso-pharynx and on the base of i ’ 
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relative narrowing, with impermeability, may be produced by 
inspissated crusts of mucus (Lowenberg). 

The seat of the constriction is more often in the cartilaginous than in 
the osseous portion. The lumen of the osseous portion may be narrowed 
or ohhterated by hj’perostoses of its walls, by marked bulging of its anterior 
inferior wall from the carotid canal, by over- development of the canal for 
the tensor tympani muscle at the expense of the osseous tube (Zuckerkandl), 
and by hypertrophy of the mucous membrane, granulations and cicatrices 
at the pharyngeal orifice of the tube. In the cartilaginous part of the tube 
strictures are most marked at the istlimus (which is near the place of union 
of the cartilaginous with the osseous portion); they are not so well developed 
in the lower part of the tube or at the pharyngeal orifice. Besides intumescence 
of the mucous membrane, strictures are also caused by a glandular hypertrophy 
of the mucous membrane, and by the formation of folds and granulations on 
its surface. The connective-tissue strictures are usually situated in the 
middle of the cartilaginous portion, in the neighbourhood of the isthmus, 
often in the isthmus itself, and more rarely in the lower portion of the tube. 
When the lower portion is narrowed, it may be due to a rhinoscleroma (Gruber, 
Juffinger, Lowi), or as the result of an ulcerative process extending to the tube 
from a syphilitic or variolous ulcer of the- naso-pharynx. Atresias of the 
pharyngeal orifice and of the cartilaginous portion (landenbaum, Gruber, 
Hartmann) are rare; they are most frequently found in clrronic middle-ear 
suppuration, at the tympanic orifice of the tube, due to the formation of 
granulations. 

In cases of stricture, examination shows a retracted drum 
membrane accompanied by cbanges, wbicb were previously 
described. It is important, however, to remember that occasion- 
ally a marked stricture causes no change in the curvature of the 
membrana tympani. ” 

When there is a stricture of the tube, an inflation of air into 
the middle ear meets Avith great resistance. Valsalva’s method 
and Politzerization are rarely successful. The latter is occasion- 
ally successful Avhere air cannot be forced into the middle ear by 
catheterization. 

The nature of the constriction can sometimes be ascertained 
by auscultation. When the canal is narroAved, due to SAvelling of 
the mucous membrane, one hears gither an inconstant, sharj) and 
high, or an interrupted, rough, snapping sound which is sometimes 
combined Avith a mucous rale. On the other hand, in connectWe- 
tissue strictures, the auscultation sound may be entirely absent, 
or it is indistinct, scarcely audible, and unchanged by the act of 
SAvallowing. Occasionally a Very high, hissing, Avhistling and 
snapping sound is heard during the passage of air through the 
narroAved portion of the tube. 

As a rule, strictures of the tube are accompanied by a high 
degree of deafness and severe subjectWe noises. It must, how- 
ever, be mentioned that there are exceptions to this rule, and 
that not infrequently the latter may be entirely absent eA^en in 
cases of marked constriction. A feeling of fulness and pressure 
in the ear are rarely met with in true strictures; these symptoms 
are more often apparent AAdien there is a slight swelling at the 
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pharyngeal orifice of the tube. Annoying liead symptoms and 
occasional attacks of dizziness are often met with in oreanip 
strictures. ^ 

Diagnosis. — The diagnosis of stricture is made from the 
nitiikcd iGsistance which is encountered when inflating air into 
the middle ear by means of the catheter, from the abnormal 
auscultation sounds, and from the fact that the act of swallowing 
has no influence upon the auscultation sound. The use of the 
Eustachian bougie is an important guide in informing us as to 
the permeability of the tube. One must bear in mind, however, 
that hindrances to its passage are not sufficient in allowing us to 
make the diagnosis of stricture, as the point of the bougie, in 
congenital angular bending of the canal, or through the formation 
of folds in the tube, may be prevented from proceeding further, 
in spite of the fact that auscultation shows that air is freely 
entering the middle ear. In most middle-ear catarrhs unaccom- 
panied by narrowing of the tube, as well as wdien the Eustachian 
tube is in a normal state, one observes a freer entrance of air into 
the middle ear after bougieing. Therefore, auscultation is of 
diagnostic value only if, after bougieing, a much freer and 
broader auscultation sound is observed during catheterization— - 
in other words, if a great difference is noticed between the 
auscultation sound before and after bougieing. 

In order to convince one’s self that a stricture is due to simple 
swelling of the mucous membrane, it is recommended to inject 
3-4 drops of a 8 or 5 per cent, solution of cocaine and adrenalin 
into the tube, and in a few' minutes to note the results of ausculta- 
tion; if after such an injection the air enters freely during cathe- 
terization, a stricture duo to sw'elling of the mucous membrane 
may be suspected. 

Treatment. — The treatment of strictures of the tube depends 
on W'hetber we have to deal with a simple swelling of the 
mucous membrane or with a true organic stricture, and to what 
extent the lumen of the canal is contracted. Inasmuch as we 
have already referred to the local treatment of strictures due to 
swelling on p. 291, the author w'ould like to mention here that, 
in many cases, a permanent widening is produced by Politzeriza- 
tion alone without any other therapeutic measure; this is proved 
by the fact that the high-pitched rubbing auscultation sound 
heard at the first few examinations is changed in the course or 
treatment to a free, full sound. 

By the repeated apiilication of the bougie, followed by the air- 
douche through the catheter or by the author’s method, obstinate 
strictures produced by swelling are sometimes removed, m 
other cases, however, an increased swelling and a deci e 
aggravation of the symptoms are immediately brought about J 
the mechanical irritation of the bougie. . ,, 

When, in spite of repeated inflations of air into the miaaie 
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ear through the catheter, the symptoms of tubal constriction do 
not disappear, or when at the first examination an organic 
stricture is diagnosed, it is advisable to introduce a bougie into the 
Eustachian tube to verify the diagnosis, and at the same time 
to bring about a mechanical dilatation of the tube. 

To dilate the Eustachian tube one may use bougies of silkworm-gut {Crin 
de Florence). These are conical in shape, slightly club-shaped at the point, 
and covered with a thin layer of lacquer. They possess a certain flexibility, 
and have sufficient resistance to pass strictures of moderate size. In severe 
constrictions, however, they seldom suffice, because they lack the necessary 
rigidity. Therefore, when dealing with such strictures, the author uses the 
whalebone bougies. They are weU polished, and in eonsequence of their 
greater rigidity slide more easily tlirough the constricted portion. The point 
is either conical, olive-shaped, or cylindrical. Each series contains eleven 
bougies, whose diameter at the point varies from 04 mm., 0-5, 0-6, 0-7, etc., 
to 1-0 mm., so that they can be used for gradual dilatation of the stricture. 
Celluloid bougies become brittle after using them for a long time. Catgut 
bougies are particularly suited for the rapid dilatation of strictures, as they 
possess the property of absorbing moisture. They are also serviceable as 
medicated bougies, for which purpose the tip should be soaked in a solution of 
adrenalin (Thost) or nitrate of silver, and earefully dried. Marshall recom- 
mends bougies which are smeared with a 3 per cent, mixture of silver nitrate 
and lanolin. Yankauer also devised a set of bougies, made of sillc webbing; 
they are graduated in size, and are similar to the bougies used for the ureters. 
Their colour is red with black markings on the outer end, which enables one 
to tell at a glance how far the end of the bougie has been advanced into the 
Eustachian tube. 

When using the Eustachian bougie, the following points 
should be observed : In order to cause the patient as little incon- 
venience or unpleasantness as possible, and to minimize the pain, 
one should first pencil the nasal passages and posterior nares with 
a 3 or 5 per cent, solution of cocaine. One should then introduce 
into the nose a catheter with a rather curved beak, through which 
a bougie is passed into the orifice of the tube. Having first 
lubricated the bougie with vaselin, it is pushed forward to the 
ostium tympanicum tubas — that is, l|-2 cm. beyond the mouth 
of the catheter. Several ink or colour marks at the outer end 
of the bougie enable the practitioner to control its advance, and 
to determine the amount of projection beyond the point of the 
catheter. The catheter is held fast in its place by the bougie. 

Pushing the point of the bougie into the tympanic cavity 
should be avoided, and when using rigid bougies may lead to per- 
foration of the strongly retracted membrana tyinpani. 

The resistance encountered by the bougie in the Eustachian 
tube is easily overcome in cases of slight stricture. If the con- 
stricted portion is short, the bougie will often pass with a sort of 
jerk. If, however, the stricture involves a greater portion of the 
tube, there is a considerable resistance. In these cases, the danger 
of wounding the mucous membrane can be avoided if the bougie 
IS pushed forwards slowly with great caution, and with occasional 
rotations round its axis. If such cases are treated in this manner. 
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it is often possible, oven .after four or five sittings, to pass the 
nanowGst jjlace. When the point of the bougie passes into the 
Eustachian tube, the patients complain of a stinging sensation in 
the ear, sometimes, in the teeth and in the occiput; in those cases 
in which, owing to bending, it enters the throat, a stinging sensa- 
tion is felt in the lateral region of the neck. It should be mentioned 
tdiat,, through forcible bougieing, the mucous membrane of the 
tube may bo injured, and if followed by an inflation of air, a sub- 
mucous emjihysema may be produced (p, 118 ). 

In order to ofToct a dilatation of the stricture the bougie must 
remain in position for five,. ten or fifteen minutes. If we resort 
to the auscultation tube while passing the bougie— more often, 
hoivovor, u])on removing it — a crackling sound is audible, which 
may generally be looked ujion as a sign of the successful intro- 
duction of the bougie. 

If catheterization is resorted to immediately after extraction 
of the bougie, the air is hoard to enter the tymiianic cavity more 
freely tlian before. After the air-douche, there is often a marked 
subjective relief, as -well as a decrease in the tinnitus and a con- 
siderable improvement in the hearing. When Ave meet with such 
good results after tlio first trial, it is alAvays advisable to repeat the 
treatment two or three times a v’eek, to introduce progressii'ely 
thicker bougies, and to continue the dilatation until the air 
enters the tympanic cavity during catheterization or Politzeriza- 
tion Avithout resistance. 

The treatment of connective-tissue strictures by mechanical 
dilatation is, as a rule, unsatisfactory. Cases of striking and 
lasting improvement in tlio hearing in AAdiich, after years, there is 
,no recurrence of the stricture, are very rare. It is probable that 
many of the cases of cure AAdiich liaAm been reported are strictures 
not due to the formation of connective tissue, but to simple 
SAvelling of the mucous membrane lining of the Eustachian tube 
capable of resolution. In the majority of cases, the stricture 
returns after a fcAv months Avith a corresponding decrease m the 
hearing distance preA’iously gained, and an increase in the sub- 
jective noises. If the treatment by dilatation is again renewee, 
the result AA'ill not be as good as that obtained at the first trea - 
ment on account of the progressive tissue changes Avhich haAje been 
going on continuously in the tympanic cavity. Nevertheless, u 
cases of true stricture of the tube, the author looks upon 
introduction of bougies as a valuable procedure, because at Jea 
a temporary improvement in the hearing takes place, the o 
unbearable subjective noises are toned doAvn, and the rapid p 
gross of the disease is also checked. We must not forget to _ 

that in many cases no dilatation is effected in spite o o 
continued treatment, and that sometimes, on the ?• 

is neither an increase in the hearing nor a decrease in the tin > 

in spite of a successful dilatation. In a similar manner on 
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observes that, in quite a number of cases, an aggravation of the 
local symptoms, such as an increase in the imjDermeability of the 
tube, a decrease in the hearing and an increase of the subjective 
noises, are produced by the introduction of the bougie; at times 
even a middle-ear inflammation is brought about. Therefore the 
author limits the use of the bougie only to such cases in which 
the stricture of the tube cannot be treated by any other measure. 

' From observations made by Weber-Liel, that the simple introduction of a 
bougie into the Eustachian tube suffices to effect a temporary improvement 
in the hearing, Urbantschitsch proposed using the bougie in those cases in 
which there is no stricture of the tube. In cases of catarrhal swellings, as 
well as in cases with a normal pervious tube, an improvement in hearing and 
a decrease in the tinnitus is often produced by pushing to and fro a bougie 
provided with a bulbous point (massage of the Eustachian tube, 1-5 minutes). 
According to Urbantschitsch, this improvement depends on a reflex in the 
auditory centre produced by irritation of the sensory branches in the tube; 
this effect is very transient, as aU such reflexes are. The same is true of 
bougieing the Eustachian tube combined with vibratory massage of the parts 
between the inferior maxilla and the mastoid process. 

The patient’s surroundings and the condition of his general 
health must be taken into consideration in the treatment of 
middle-ear catarrh. This applies to the chronic non-suppurative, 
as well as to the suppurative middle-ear processes. It is important 
that the patient should avoid, as much as possible, all detrimental 
influences caused by calling and occupation, as well as living 
in unfavourable localities. The diet should be regulated in 
each individual case; alcoholic beverages should be limited to a 
moderate quantity, and only a moderate amount of smoking 
allowed, especially Avhen the indulgence in these luxuries has a 
detrimental influence on the deafness and tinnitus. Cold baths 
and sea-baths often produce an aggravation of these conditions, 
and therefore patients should be warned against the evil effects of 
cold head-douches. In catarrhal adhesive processes, hydropathic 
treatment is sometimes followed by good results, for in many 
cases sea-baths and cold-water cures have a beneficial effect on 
the hearing and subjective noises (Winternitz). Cold-water 
cures have absolutely a bad effect upon the hearing in ansemic, 
decrepit individuals, and in otosclerosis. 

Change of air and residence in a mountainous region often 
have a good effect upon the course of exudative catarrhs. The 
author has not infrequently seen complete recovery take place, 
in cases in which treatment was given for months without effect, 
after the patient had remained in a high altitude for several weeks. 
It is therefore recommended in obstinate cases to send the patient 
to a woody or mountainous region; this applies especially to Aveak, 
ansmic, and scrofulous individuals. Changes of air and climate 
have not a very marked effect upon the course of advanced 
adhesive processes in the middle ear; it is nevertheless ahvays 
advisable, even in these cases, to send the patients to a mild 
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Soiiilicrn clim.'ite, ospoeially, if in a nortliern locality they arc 
often subject to naso-iiJiaryngeal catarrh. ’ ^ 

Internal and External Medication.-The internal treatment 
oi the adliesive processes, to which some aural surgeons attach 
iiiucli iinpoitancG, is of little Vcilue, ■\vitli the exception of those 
cases in Avhich a constitutional disease is present. If the latter 
is the case, the good effect of internal treatment on the course 
of the auial affection cannot be denied. In general syphilis the 
local treatment of the aural affection must be combined with 
a general antisypbilitic treatment. Salvarsan must be given in 
these cases, and may bo combined with the internal administra- 
tion of mercuiy or the iodides. In lymphatic individuals, the 
internal use of the iodide of potassium or iron is very effectual; 
and in amemic, debilitated patients the easily-soluble preparations 
of iron must bo prescribed. The internal treatment of catarrhal 
adhesive processes, accompanied by sj’^mptoms of a labyrinthine 
affection, as well as the treatment of subj'ective noises associated 
with these processes, will be described with diseases of the 
internal oar. 

hfedicalions applied externally in the Aucinity of the oar or 
in the external auditory canal are useless. The application of 
counter-irritants to the mastoid process, as Avell as painting it 
with tincture of iodine and rubbing it with ointments, are also 
of little value. 

The Operative Treatment of the Catarrhal Adhesive 
Processes in the Middle Ear. 

1. Artiflcial Perforation of the IVlembrana Tympani, 

Historical, — Attempts to restore the poAver of hearing by 
excision of a part of the membrana tympani date back to the 
seventeenth century.* The first scientific information in refer- 
ence to artificial j)orforalion of the membrana tympani dates from 
the beginning of the nineteenth century. Himly and Astley 
Cooper performed this operation independently of each other, 
and, encouraged by the favourable results obtained in the begin- 
ning, highly recommended its introduction into practice. It vas 
not long, boAVover, before these tAvo operators became convincec 
that these startling results were only temporary, inasmuch as 
the artificial opening invariably closed by the neAV formation o 

cicatricial tissue. . , 

Himly deserves the credit of haAong put a stop to this 
tive procedure, Avliich Avas still practised for a long 
Germany and Prance to the detriment of many patien s, 
demonstrated that a slight improvement in 
obtained only in Amry rare cases, Avhile in the majority ot pa 

* Compare Politzer, Ocschiclite dev OlivenJicilkunde, vol. i., p- 336. 
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the former degree of deafness returned after closure of the per- 
foration, and frequently even a striking diminution in the hearing 
power was observed. 

The unfavourable results obtained by this operation and the 
impossibility of keeping the aperture in the membrana tympani 
open were the reasons why this procedure became obsolete. 
It was not until the beginning of the ‘ sixties ’ of the nineteenth • 
century that this operation was again put into practice. No 
new attempts were made, however, to keep the aperture in the 
membrane open, and after unsuccessful trials the same negative 
results were attained as those of Cooper and Himly. At the 
present time this procedure is rarely undertaken, as the results are 
very uncertain and unsatisfactory, and the danger of infection 
to the middle ear cannot always be avoided. The chances of 
improving the hearing are so remote, and so little is gained, that 
it has been justly discarded. 

Indications. — In making an opening in the membrana tympani 
we equalize the difference in the air pressure between the tympanic 
cavity and the external atmosphere, and create a direct passage 
for the waves of sound to the labyrinth. This applies to all 
cases in which the propagation of sound from the membrana 
tympani to the stapes is interfered with. 

The pathological changes which indicate artificial perforation 
of the membrane are: (1) abnormal thickening and extensive, 
firm calcification of the membrane; (2) ankylosis of the malleus 
and incus owing to immediate or ligamentous union with the 
tympanic walls; (3) firm, irremovable strictures and adhesions 
of the Eustachian tube (Cooper); (4) intense and troublesome 
subjective noises, if they are due to stricture of the tube and 
cannot be alleviated by bougieing; (5) marked impairment in 
the_ sound-conducting apparatus due to firm ankylosis of the 
ossicular chain. 

When we have made an artificial opening in the membrana 
tympani, the waves of sound reach the foot-plate of the stapes 
directly, and are thus communicated to the labyrinth without 
the aid of the membrana tympani, malleus, and incus. The 
operation can be successful, therefoje, only if the stapes is still 
movable, if the membrane of the round window is not thickened 
or calcified, and if there is no labyrinthine complication. Before 
undertaking this operation, a thorough functional test must be 
made as to the normal perception for the watch through the 
cranial bones (Astley Cooper) and the lengthened perception for 
the tone of the C tuning-fork on the mastoid process (SchAvabach). 
In other words, we must be convinced that the labyrinth is in a 
normal state and that bone conduction is fully preserved. In 
cases in which the perception through the cranial bones is 
diminished or entirely absent, no improvement can be expected 
from this operation. 
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Methods of Operation.~Li order to malce an artificial per- 
loration of tlio drum, we resort (1) to excision of a portion of the 
drum witli a small delicate knife; (2) destruction of the layers 
of the drum with various caustics; and (3) burning a small bole 
in the membrane by means of the galvano-cautery, Por this 
purpose we use a simple pointed cautery point, which is heated 
, to a led glow and gently applied to the drum, destroying as 
much of the tissue as desired. Inasmuch as these pmceclures 
are associated with a p’eat deal of pain, it is necessary first 
to thoroughi}'' anmsthetixo the drum and surrounding area with 
some local amusthetic, or, better still, to give a mild general 
anaesthesia. In using the cautery point we must avoid all 
pressure, as^ the point of the cautery might easily be pushed as 
far as the inner tyunpanic wall, and, by injuring the mucous 
membrane, give rise to a marked inflammatory reaction. In 
order to avoid this, it is advisable to select the anterior inferior or 
the posterior inferior quadrant of the membrane as the seat of 
operation, as these parts are farthest from the inner tympanic 
wall. 

After an artificial perforation has been produced, it is not 
infrequently found that there is a striking improvement in the 
hearing and a diminution in the subjective noises. From this 
fact it may bo assumed with probability that there are no 
marked changes in the windows of the labyrinth. 

In cases in which there are imthological changes in both 
fenestra) or in the labyrinth, no improvement in the hearing vill 
bo noticed after the operation, or, if so, only one of a very 


moderate degree. 

A favourable result following an artificial perforation is of 
short duration, and juay be explained by the fact that it is only 
in exceptional cases that the opening does not close within a 
short time by the formation of cicatricial tissue. The distuib- 
ance of hearing and the subjective noises return to their former 
state, or become more aggravated than before the operation. 
Only a few cases haA’e been observed, however, in which a decn e 
improvement in the hearing remained after closure of le 
aperture in the membrane. The author has repeatedly seen 
the aperture remain persistent after a middle-ear suppuration 
long duration which had been caused by artificial perforatmn 
the membrane. It is also impossible to keep the • 

open and to prevent a regeneration of the membrana ‘'P®! . 
by detaching the annulus tendinosus (Kessel)*_ at 
circumference of the membrane, and by excision oi tie 
drum-head with the hammer (Miot).t . nniant 

Attempts to keep the perforation open by ‘ „]ns 

strings, small fish-bone plugs, load wires, silver Ct 


* Oesterr. drztl. Vereinszcilg., 1879. 
t Revue de laryngologic, vol. xvii., 1896. 
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(Bonnafont), small hard rubber pegs (Polifczer), and small gold 
tubes (Voltolini), have proved unsuccessful. All these con- 
trivances are sooner or later expelled, -with or without a sup- 
purative inflammation, whereupon the defect in the membrane 
becomes cicatrized. 

Although the numerous trials have proved unsuccessful, it 
may, however, be possible, through continued endeavours in 
this direction, to discover a method by which we shall be able to 
keep an artificial perforation of the membrana tympani from 
closing. It is a fact that perforations of the membrane, which 
are produced by a suppuration of the middle ear, remain per- 
sistent during the life of the patient owing to epidermization of 
their borders. We even find that when the margins of such a 
perforation are again deprived of their epidermis the aperture 
cannot be made to close. The desired object of keeping the 
artificial perforation persistent may be attained if it is possible 
to create the same conditions Avhich tend to keep the aperture 
from closing in pathological cases. There is no doubt, according 
to the author’s investigations, that this is occasioned by the 
growth oi the epidermis of the external surface of the mem- 
brana tympani over the edges of the perforation into the tympanic 
cavity. • 

2. Division of the Posterior Fold of the Wlembrana Tympani. 

Division of the posterior fold of the membrana tympani was 
recommended by the author in the year 1871,* and by Lucae.f 
This procedure is indicated in those forms 
of catarrhal adhesive processes of the 
middle ear in which the objective parts 
of the membrane are very prominent 
owing to abnormal retraction {vide p. 277), 
and in which, after an air-douche, there 
is an improvement in hearing of short 
duration. If this condition of the mem- 
brane is associated with a high degree of 
deafness" and severe subjective noises, 
which cannot be improved by the methods 
of treatment already described, it is advisable to divide its 
posterior fold. The increased tension of the posterior superior 
quadrant of the membrana tympani, which is especially impor- 
tant for the conduction of the waves of sound, is thus overcome, 
and the handle of the malleus acquires a greater mobility. 

Operation. — To divide the posterior fold of the membrane 
the author employs a small, sharp knife, rounded at the end, 
and bent at an angle to its handle (Fig. 147). Having first 

* Ueber TrommelfeUnarbcn, Wiener med. Wocliensclirifi, 1871. 

t Langenbeck’s Arch. /. Ohirurgie, vol. siii. 



Fig. 146. 
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anfcstlictized the drum, the incision is made perpendicularJv h 
the long axis of the fold from above downwards, at a point directl 
bolnnd the short process of the malleus, or midway between it 

(Kg. J«). Division o 

rjiis pai t of the membrane is, as a rule, accompanied by a grathw 
noise; the edges of the wound recode from each other and the 
liandle of the malleus, which was drawn inwards, assumes a more 
vertical position. The sliglithamiorrhage W'hich arises after this 
operation can be arrested by the introduction of small cotton 
tampons. It very rarely happens that the chorda tympani is 
cut; when this is the case, however, the patient. experiences a 
temporary loss of taste on that side of the tongue 
^ corresponding to the injured nerve. 

Results of the Operation.— The most striking effect 
of this operation is its power of diminishing the 
intensity of the subjective noises. The improvement 
in hearing for speech sometimes' increases to 4 or 5 
metres. Where, after the operation, no improvement 
in tlie hearing takes place, it must be concluded that 
there is a marked obstruction to the conduction of 
sound in the ossicular chain or in the windows of the 
labyrinth. 

In reference to the result of this operation, the author 
found that not infrequently, after several months, the 
hearing distance gradually returned to its former limit, 
and tha t the subjective noises became more intense; this 
apjilied even to those cases in Avhich a striking increase 
in the hearing and a diminution in the subjective noises 
wore noticed immediately after the operation. The 
author was able only in a very limited number of cases 
to note an improvement in hearing Avhich lasted for 
several years. 

Division of the anterior ligament of the malleus is 
another operative procedure ivhich must be mentioned, 
and which the author has repeatedly performed with success, iu 
experiments in which he endeavoured to ascertain the relative 
tension of the sound-conducting apparatus, he found that tlie 
handle of the malleus, which protruded outwards, always hac a 
tendency to spring markedly inwards after the tendon of m 
tensor had been severed, and after the incudo-stapedial join an 
the check ligaments of the hammer had been divided. i > 
however, the anterior ligament of the malleus (anterior ° 
axis ligament) was cut through, the handle of the malleus no g 

recoiled inwards. Prom this fact it may he inferred thc^ tnis 
ligament has an important bearing on the position of tlie 
brium- and on the tension of the membrana 
therefore indicated to sever the ‘"^hove-mentioned g 
in those cases in which there is a marked retraction oi 


Fig. 147. 
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brane, and in which a striking improvement in the hearing lasts 
only a short time after the repeated aijplication of the air- douche. 
The operation, which is easily carried out and free from danger, 
is performed with a small, narrow, slightly curved knife, sharp 
at its point and on its concave side (Fig. 147). The operation 
is performed as follows: Having anaesthetized the drum, the 
anterior fold of the memhrana tympani is first divided ; the knife 
is then inserted directly in front of the short process of the 
malleus and advanced 2 mm. towards the tympanic cavity. 
When in this position, an incision from below upvards as far as 
the Eivinian segment is made, whereupon the anterior ligament 
of the malleus is divided. In several cases, the effect of the 
operation was noticed in an immediate diminution in the sub- 
jective noises, and a marked, permanent improvement in hearing 
for the acoumeter and speech. There were some cases, however, 
in which the success was only temporary. 

]\[ultiple incision, which has been recommended in cases in 
which the memhrana tympani is abnormally tense and thick, 
has almost always a temporary effect; a slight improvement 
seldom remains for any length of time after the operation 
(Stetter, A. f. 0., 1892). On the other hand, the author has 
observed in atrophic retracted membranes a lasting improve- 
ment in the hearing follow repeated incisions of the flaccid 
portions. Often, however', the favourable result obtained by 
this operative measure, as first proposed by the author, is also 
of a transitory nature. 


3 . Tenotomy of the Tensor Tympani and Stapedius IVIuscle. 

Divisiorr of the tendorr of the terrsor tjmrpani, as recommended 
by Hyrtl hr his Tojoograjjhischcr Anaioime, 1847, was first per- 
formed on the living by Weber-Liel in the year 1868. By this 
operation we are able to overcome the abirorrnal terrsion of the 
rrrernbraua tympani and joints of the ossicles, which has been 
caused by the contractiorr of the tendon of the terrsor tympani 
muscle (Walb, Schwartze’s Handhucli d. Ohrcnlicilk., 1893). 

Up to the present, we possess rro objective symptoms which 
allow us to corrclude with certairrty that we are dealing with a 
corrtractiorr of the tensor tendorr. The familiar characteristic 
appearance of the markedly retracted membrarra tympani 
(Figs. 125 arrd 126) rrray be regarded as the most imjrortant 
objective symptorrr of a contractiorr of the tensor tendon. This 
corrdition is also brought about by impermeability of the 
Eustachiarr tube, by adhesiorr of the drum-head with the irrner 
wall of the tymparric cavity, and by a ligamentous growth 
of the rnalleo-irrcudal articulatiorr with the exterrral wall of 
the tj’^mparrurn. From the foregoing it will be seerr, therefore, 
that it is impossible to couclrrde with certainty that there is a 
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simultaneous, secondary retraction of the tendon of the ten.nr 
tympani, 

The striking improvement in hearing which is sometimes 
obtained after an inflation of air in cases of marked deafness 
and which disappears again after a few minutes, or even a few 
seconds, is also of little value in establishing the diagnosis of 
shortening of the tensor tendon. This is explained by the fact 
that a rapid diminution in the hearing after an inflation of air 
can also bo produced by the stretching and rapid recoil of the 
above-mentioned adhesive bands. For the same reason, when 
wo find the membrana tympani retracted, wo 
must not consider an abatement in the subjec- 
tive noises or the relief of dizziness, through 
rarefaction of the air in the external auditory 
canal, as a diagnostic symptom of shortening of 
the tensor tendon, inasmuch as the same effect 
is observed Avhen the membrana tympani is 
retracted owung to adhesive bands. 

From the foregoing, the indications for cutting 
through the tensor tendon are still very ill- 
defined, as often, besides such a shortening of 
the tendon, there are obstructions to the con- 
duction of sound in the ossicles and in the 
labyrinthine windows, -which are in no way 
aflfected by this operative measure. Tenotomy 
of the tensor tympani may therefore be used 
only as an experimental procedure, the result of 
which can never be foretold. 

I ' ;-f Operation. — The division of the tensor tendon 

I is performed by some specialists by introducing 
1 1 the knife in front of the handle of the malleus, 
Fia. 148.— Hart- ^7 others behind it. By selecting the latter 
siann’s Teno- situation the oimration may be carried out far 
TOME FOR THE moro Safely and with greater certainty. 

Right and the operation is performed as follows : Having 

^ FOR anaesthetized the drum, a small knife, curved on 
IT V. p. 287.) the flat and rounded at the end, is introduced 
behind the handle of the malleus into the tym- 
panic cavity, and the tendon cut from above dp-iyn wards, i is 
mode of procedure is more difficult than dividing the 
by a cut from below upw'ards. The tenotome of Hartma 
(Fig. 148 ) is the most practical instrument for this purpose; i 
consists of a small knife curved on the flat and on the edge, 
point of which extends 1 mm. beyond its upper edge. 

In order to judge the beneficial results obtained by this oP®" 
tion, it is recommended to incise first the posterior Roadie 

membrane about 1 mm. behind the upper pait o 
of the malleus, and then to test whether any changes 
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taken place in the hearing distance and in the subjective noises. 
The tenotome is then advanced 3 mm. into the tympanic cavity 
through the incision previously made, and is thus brought 
between the handle of the malleus and long process of the incus, 
below the tendon of the tensor. The handle of the instrument is 
now gently depressed, whereby the sharp point of the tenotome 
is forced towards the upper tympanic space; if the instrument is 
now withdrawn it severs the tendon; this is accompanied by a 
distinct cracking noise. The operation is occasionally followed 
by a rather intense, effusion of blood into the tympanic cavity, 
which is absorbed within a few weeks. Division of the chorda 
tympani with a transient alteration in the sense of taste cannot 
always be avoided. 

Results of the Operation. — The handle of the malleus assumes 
a more vertical position immediately after this operation. In 
those cases, however, in which its position remains unaltered it 
must be concluded that the head of the malleus has become fixed 
through connective-tissue adhesions. 

According to the unanimous opinion of Pomeroy, Bertolet, 
Orne Green, Kessel and Cholewa, we may regard a diminution in 
the subjective noises as an immediate effect of tenotomy. The 
majority of the cases reported, however, cannot be used as 
examples in judging the effect produced by tenotomy, owing to 
the failure to observe what effect the incision in the membrane 
and the plicotomy alone had upon the subjective noises before 
the tendon of the tensor had been severed. 

The influence of tenotomy on the power of hearing is con- 
siderably less; a striking beneficial effect has only seldom been 
observed. In the majority of cases, the hearing distance remains 
unaltered, or the increase is only a slight one; there are even 
instances in which a decided change for the worse has been 
noticed after the operation. 

This operation, which was introduced in the eighties of the 
last century, and of which a great deal was expected, was almost 
entirely given up owing to the poor results. That there are a few 
cases in which tenotomy may be of value is beyond doubt. As 
such, the author would like to mention the middle-ear catarrhs 
which run their course with symptoms of labyrinthine irritation, 
and are associated with a marked retraction of the membrane; 
in these cases, after an unsuccessful local treatment, tenotomy 
of the tensor tendon may be tried. The author had occasion to 
observe two eases which were accompanied by severe Meniere’s 
symptoms and a marked retraction of the membrana tympani; 
tenotomy of the tensor tympani was performed in both instances, 
and was followed by an alleviation of the dizziness and a decided 
improvement in the hearing function. Lacourret* describes a 

* Vertigc auriciilairc ct spasmc du muscle tenscur. Revue hehdom. de larunq., 
etc., 1S9G. 
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case of spasm of the tensor tympani which was accompanied by 
frequent attacks of dizziness, and which was preceded by a 
cracking sound. The affection is supposed to have been cured 
by tenotomy of the tensor tendon. 

According to our present knowledge, no indications for teno- 
tomy of the stapedius in non-perforative processes of the middle 
ear can be established; all that has been previously discussed in 
reference to this subject has been based upon hypothetical 
grounds. On_ the other hand, however, we find that this opera- 
tion is occasionally of value after a middle-ear suppuration 
has run its course— in other words, where the tendon of the 
stapedius has become imbedded in the cicatricial thickening of 
the mucous membrane of the tympanic cavity. 

The operative procedures which, in former years, were fre- 
quently practised in the non-suppurative middle-ear processes, 
such as mobilization of the stapes, syncchotomy of the crura 
of the stapes, and excision of the entire membrane with the 
hammer and incus, have not fulfilled the expectations which were 
attributed to them; the successes ■which have been reported have 
been reduced to a minimum. As these procedures have been 
recognized to be practically worthless, tho author thinks that it 
is useless to go into a full description of their technic; the more 
so because the intratympanic operations in adhesive processes 
after a chronic middle-ear suppuration has run its course, in 
which certain surgical procedures (in reference to an improve- 
ment ill hearing) give a favourable result, will be spoken of 
more fully later. 


Otosclerosis,* 

Long before the anatomical conditions of this special form of 
disease ivere known, various authorities raised the question 
whether the so-called diy middle-ear catarrhs running their 


* This aural afTcction lias erroneously been called ‘ middle-ear catarri 
{olitrs media cafarriialis sicca). In its typical form it must be separae 
from tbe group of middle-car cataniis on account of its important 
characteristics. Roosa terms it ‘ proliferous inflammation of the . 
car ’ ; Do Rossi, ‘ otitc media iperplastica.’ . Siebenmann, who likewise i ' 
that the affection is a primary disease of tho labyrinthine capsule, an 
thorough histological examinations descr%''e full credit, has proposed ‘ 

‘ spongoid transformation of tho labyrinthine capsule ’ for this form o i 
It would not bo consistent to accept this anatomical name for typica ^ 
otosclerosis, as analogous changes also occur in adhesive middle-ear p 
Besides, the anatomical conditions in otosclerosis are not exactly le ^ 
in normal spongy tissue. The symptomatic classification, 
ness,’ selected by Weber-Liel and Lucae, is just as little apphea e, , g 
as this form of disease is also observed in the nervous progressiv 



typical form of this disease about to be described. 
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course Avith progressive deafness should be classed among the 
true catarrhal processes of the midlde ear, V. Troltsch was the 
first to express the opinion that this form of disease could, through 
a broadening of our anatomical knowledge, be given a separate 
place in the category of diseases of the ear. In previous publi- 
cations,* the author has called attention to the fact that Avhon 
we meet with that form of progressive deafness which runs 
its course from the very beginning without any catarrhal symp- 
toms, we must regard it as a special disease of the organ of 
hearing; such an affection presents an entirely different character 
from the adhesive processes secondary to catarrhs. The patho- 
logical investigations, Avhich have only been carried on exten- 
sively Avithin the last feAv years, have, to a certain degree, given 
us a clearer idea of the nature of this disease. While investigating 
this subject, the author had the opportunity of clinically observ- 
ing, for a great many years, a Amst number of cases at the Vienna 
General Alms House, and also had occasion to examine their 
organs of hearing at the post-mortem. His examinations demon- 
strated beyond doubt that cases Avhich, on account of their 
clinical course, we had very often been accustomed to place among 
the chronic, dry, middle- ear catarrhs, did not present a diseased 
condition of the mucous membrane of the tympanic cavity, but 
a primary affection of the labyrinthine capsule. 

In reviewing the older literature, various conditions are described which, 
without doubt, should be placed in the group of primary affections of the 
labyrinthine capsule, but which were classified under a different anatomical 
division. In Toynbee’s catalogue of 1837, he describes a thickening of the 
ankylosed foot-plate of the stapes, and an overgro-wth of its anterior two-thirds 
by a bony mass resembling ivory, which had originated from the vestibular 
surface of the labyrinth. Moos describes a case which he observed during 
the life of the patient, and which he examined at the post-moHem ; he found 
that the stapes was ankylosed by the development of bony tissue from the 
wall of the promontory, and that the internal auditory canal was narrowed to 
a slit, without any change in the mucous membrane of the middle ear. 

In the year 1889 f the author described a case in which an accumulation 
of new-formed bony tissue was found upon the inner surface of the foot-plate 
of the stapes, and in the region of the fenestra ovalis; in 1893 J he published 
three cases of deafness in which the stapes was fixed in the pelvis ovalis, 
through a hyperostosis on the promontory; these conditions clearly showed 
that tliese cases belonged to the group of primary affections of the labyrinthine 
capsule. 

Kalz§ records a case of ankylosis of the stapes which he regards as the 
sequel of an independent inflammation of the ligamentum orbiculare stapedis, 
from which the disease extended to the cartilage and bone. Habermann.H 
who described a case belonging to this group, considers the changes found in 
the labyrinthine capsule as the result of an inflammation of the mucous mem- 
brane and periosteum of the tympanic cavity. 

The author was in a position, in the spring of 1893, to demonstrate to 
Professor Weicliselbaum the microscopic specimens of eight cases which he 

* Lchrbuch, 3. Aufl., p. 235. t 2. Aufl., p. 233. 

J Ibid., 3. Aufl., p. 239. § Deutscli. med. Wochenschr., 1890. 

II Schwartzo’s Handbiich, p. 249. 
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Imd obscrTCd during the lives of the patients; in these sections, a circuin 
scribed osseous growth and tissue changes in the labyrinthine capsule were 
clearly demonstrable. In the summer of the same year the author read a 
paper before the Pan-American Congress at Washington in which he openlv 
expressed his views, based upon the observation of ten cases, as to the nature 
of tins fom of disease, and expressed the opinion that tliis affection was 
a distinct entity. Since that time bis findings have been substantiated bv 
many pathological investigations. ^ 

Wo must finally mention the case of Pczold-Scbeibe published in the 
autumn of 1893 {Z. f. O., vol. xxiv.). The patient Avas a woman, sixty-five 
years of age, Avho bad been deaf for thirty-eight years, and whose loss of 



bearing folloivcd an attack of typhoid fever; in this case, a bony ankylosis 
of the stapes Avas discoA^cred, Avbicb bad been produced by an -inflammatory 
condition of the bone in the neighbourhood of the foot-plate, and aa’IucIi, 
according to Bezold-Schcibc, probably originated from the periosteum of the 
recess of the oAml AvindoAv, if not from the bone itself. i • i • i 

Other Amry instructiA'c pubUcations, Avhich contain anatomical and liistologica 
conditions regarding otosclerosis, have been contributed^ by Siebenmann, 
Manasse, E. Hartmann, Jorgen MoUcr, G. Briihl, Stilling, Lindt, and others. 


The Pathological Changes.* 

The macroscopic condition of those cases examined by the author, of 
only a foAv of the most typical Avill be given here, Avas varied. In a g 
number of specimens, bony protuberances were found 'wlncli were m 
less sharply defined and AAmro about the size of a small 
situated on the promontory in the neighbourhood of the recess Qf t e 


* Cp. A. Politzer, Ueber primare Erhranhmg der knochernen LabynidJi 
kapsel, Zeilsclir. f. OhrcnJieilk., vol. xxv. 
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vestibuli, and stood out prominently from the surrounding area owing to their 
pale yellow or reddish eolour. In other cases the entire recess of the fenestra 
vestibuli was narrowed tlnrough bony growth, the stapes tightly immured in 
the narrowed recess, the promontory thickened, and the recess of the round 

ca 



window reduced to a cleft. In the majority of the specimens, the mucous 
membrane of the tympanic cavity did not present the least change from the 
normal. In two cases the mucous membrane of the cavum tympani was 
thickened and gray, similar to that met with in the catarrhal adhesive pro- 



cesses, and the depressions and recesses in the lateral walls of the cavity, 
especially the attic and the recesses of the windows, were traversed bj’ 
tluckcned bands of connective tissue. 

In sections of decalcified bones, the conditions found in the different 
stages of the process showed great variations. In a number of the speci- 



330 


DISEASES OF THE EAR 


mens, a sharply-defined, bony new formation in the labyrinthine capsule was 
observed in the neighbourhood of the fenestra vestibuli; this bony mass could 
be differentiated from the normal osseous tissue by its deep carmine stain 
and by the marked enlargement of the hone-spaces and Haversian canals!' 
A portion of the ligamentum orbicularis stapedis was displaced by this new 
osseous growth, and a part of the rim of the foot-plate of the stapes Avas firmly 
united with it. In another specimen (Fig. 149), the growth of the bone had 
already advanced to sueh an extent towards the fenestra vestibuli that it 
nearly filled the angle {71) formed by the foot-plate and anterior crus of the 
stapes. In another case (Fig. 150), in which the process Avas further advanced, 
a sharply-defined plate of bone (o, o') Avas seen at the anterior part of the 
fenestra vestibuli; this groAvth involved the entire labyrinthine wall and 
displaeed the annular ligament of the stapes; at the posterior part of the 



Fia. 152. 


fenestra vestibuli, a bony new formation of a similar structure was discerniUe 
{k, k'); this had groAvn into the fossula fenestrm vestibuli, and enAmloped the 
external surface of the foot-plate of the stapes (p) Avithout reaching the opposite 
border of the fenestra vestibuli. 

The author must finally record those cases in which the anatomical changes 
Avere further advaneed ; in these specimens, the entire fossula fenestrie vestibuh 
was filled Avith a bony mass displacing the stapes, or (Fig. 151,/,/') Avas closed 
by a dense neAV bony formation, Avhich, Avithout any line of demarcatmn, 
extended into the pathologically altered labyrinthine capsule (g, g )■ Hie 
boundaries of the former plate of the stapes Avere indicated by two AveU-markea 
depressions (/, /') on the vestibular side. The foot-plate itself and the 
part of the crura were imbedded in this bony tissue, Avhich completely mle 
the fenestra vestibuli and the inner part of the recess. The external portion 
of the crura (c, c') Avas not involved, and passed over into the newly-develojpe 
osseous mass. It Avas eAudent that the diseased condition of the bone la 
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extended over a large part of the lahyriritliine capsule. In the left ear of the 
same individual, the fenestra vestibuli was similarly occluded by the new 
formation of bony tissue. In tliis ear the growth, however, advanced to the 
cochlea (Fig. 152), the scala tympani of which was completely filled by a 
dense bony mass (st), which united it "with the labyrinthine capsule; it was also 
observed that this new formation extended to the inferior surface of the 
lamina spiralis. The pathological changes in the labyrinth which have thus 
far been found in otosclerosis are: osseous new formations, atrophy of Corti’s 
organ (Politzer), atrophy of the acoustic nerve in the coclilea and of the gang- 
lionic layer in the spiral ganglion (Bezold, Scheibe, Habermann), and atrophy 
of the origin of the acoustic nerve (Briilil). 

' The cases examined histologically by the author showed a new bony forma- 
tion which had developed in the capsule of the labyrinth. The specimens 
under the microscope shoAved the characters of vascular, young bone, Avhich 
Avas produced from a chronic ostitis and which pushed aside the normal 
osseous tissue of the labyrintliine capsule. 

The ncAvly-formed bone is characterized by the immense size of its spaces 
and Haversian canals. The osseous spaces are filled Avith connective tissue, 
rich in cells, Avhich surrounds large and small bloodvessels. In addition to 
these pathological conditions, the author has frequently found osteoblasts and 
osteoclasts scattered along the course of the bloodvessels. The bone cor- 
puscles in the pathologically altered tissue appeared more numerous and more 
compact than under normal conditions. 

The author’s vicAV, that in typical cases of otosclerosis the osSeous disease 
is a primary affection of the labyrinthine capsule, is substantiated by the 
clinical and anatomical investigations of Siebenmann, E. Hartmann, Jorgen 
Moller, and others. 'On the other hand, Habermann, Katz, Schilling, and Lucae 
bolicve'that the disease arises from the mucous membrane; in other Avords, from 
the periosteum of the middle ear. For typical cases of otosclerosis, this theory 
cannot bo accepted because, first, in no case in Avhich the seat of the affection 
Avas in the promontory Avail Avas the extension of the process towards the deeper 
laj'ers seen to come from those parts of the bone near the periosteal layer; 
the osseous disease Avas seen to be more in that part AA'here it did not appear 
as a circumscribed island in the labyrinthine capsule, but took in the entire 
thickness of the promontory Avail. Secondly, Jorgen Moller, Lint, and the 
autlior found circumscribed, sharply-defined nodules of new bone in the 
labyrinthine capsule, betAveen Avhich and the periosteum there Avas a normal 
layer of b'oncr In one case, Manasse found in both ears an isolated, ncAvly- 
formed osseous mass in the internal auditory canal. Thirdly, the author 
did not find in his histological examinations of typical forms of otosclerosis 
the sliglitest change in the middle-ear mucous membrane and in its periosteal 
layer.* 

The investigations of the author, Manasse, and Habermann have shoAvn 
that, in non-suppurative adhesive processes of the middle ear, analogous 
changes in the labyrinthine capsule may also develop. Numerous anatomical 
and clinical investigations must prove whether they are the consequence of 
a middle-ehr disease. In a feAV ca.ses of chronic middle-ear suppuration 
Manasse and Habermann have seen analogous osseous changes in the lab}’^- 
rintiune capsule. That, in such cases, Ave are not dealing Avith a sequela 
of the middle-ear suppuration, but AA'ith a combination in Avhich each disease 
develops independcntlj’’ — ^thc appearance of a middle-ear suppuration in an 
individual suflering from otosclerosis — is proven by the fact that the author, 
m the many cases of chronic middle-car suppuration examined histologicallj’^ 
hj’ him, neA''er saAv otosclerotic changes in the labyrinthine capsule. 

* The AucAv that a disease of the middle-ear mucous membrane AA'hich 
causes such severe and deep-seated changes in the osseous tissue of the 
labjTinthinc capsule maj’^ heal so completely as not to leave a trace of any 
patliological change in its layers cannot be accepted by any pathologist. 



332 


DISEASES OF THE EAR 


Etiology and Occurrence. — Clinical observations have demon- 
strated that heredity plays a very important part in the etiology 
of otosclerosis. It must always be regarded as the main cause 
when several members of the same family are afflicted with a 
disturbance of hearing which has developed with the character- 
istic symptoms of otosclerosis. This is demonstrated by the 
observations of Kbrner and Hammerschlag. In the genealogical 
trees of five families reported by these authors, there were forty- 
three cases of otosclerosis. Kbrner goes too far when he bases 
his opinion on the Weissmann determination theory, and says 
that otosclerosis can always be traced to hereditary predisposition. 
The English otologists in particular called attention to the fact 
that this malady is associated with gout (Toynbee, Buck). 
Doubts have recently been raised against the theory of an uric acid 
diathesis as an etiological factor (Alt. Monat.j. Oliren., 1907). It 
is not infrequently observed as a sequel of constitutional syphilis. 
Habermann’s view, that the osseous disease of the labyrinthine 
capsule is a sequel of acquired and hereditary syphilis, is rightly 
disputed by Kbrner. Its frequent association with ozaena is 
worthy of notice. The author has often had the opportunity 
of observing this disease originate during the puerperal state, a 
fact which is also confirmed by Habermann (Zoc. ciL). Its relation 
to general arterio-sclerosis (Maupetit) has not been_ proved. 
There are a great number of cases, however, in which it is impos- 
sible to find any etiological factor. According to Walb,* there is a 
greater tendency for this peculiar affection to develop in those 
individuals who are subject to anaemia, mental affections, and 
nervousness. In young individuals, scrofula and rickets may 
be looked upon as a cause of otosclerosis. 

Occurrence. — Otosclerosis occurs at any time of life, especially 
in elderly people. Frequently, however, the author has found 
the symptoms of this disease well marked in young, healthy 
individuals with a hereditary predisposition; and also in those 
without a demonstrable hereditary taint. In the hereditary form, 
the symptoms of this aural affection are often very prominent 
at ten to fifteen years of age. It appears from his observations 
that women are more often predisposed to this affection than 
men.f 

Condition of the Membrana Tympani. — In the typical forms 
of otosclerosis, we find the membrana tympani absolutely 
normal in appearance. A reddish lustre behind the umbo 
(Schwartze) is an important, although inconstant symptom, 
which, according to the author’s observations, is produced by a 
hypertemic condition of the bloodvessels of the osseous wall of the 


of 


* Schwartze’s Handbuch der Ohrenheilkiinde. 

t According to contemporary reports on the progressive course 
Beethoven’s aural affection, the deafness of the great composer was probao y 
caused hy otosclerosis. 
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promontory. Sometimes this rose-red lustre of the wall of the 
promontory is spread over the entire membrana tympani, and 
causes it to have an unequal infiltrated appearance, the intensity 
of which varies. The author found this redness in some cases of 
advanced deafness and in other cases in which the affection was 
still in its initial stage. Where this condition of the membrane 
is found, and there is an advanced progressive disturbance of 
hearing with a positive Einne, it may be assumed that we have to 
do with the nervous, progressive deafness of Manasse; in dis- 
turbances of hearing of a slight degree, an otosclerotic process, 
without the stapedio-vestibular articulation being involved, 
cannot be excluded. In old individuals the drum membrane is 
not infrequently found to be dull, lustreless, and atrophic. The 
external auditory canal is free from secretion, dry and pale. 

Subjective Symptoms. — The subjective noises which accom- 
pany otosclerosis are the most frequent and troublesome symptom, 
and it is rare to find patients in whom they are entirely absent. 
These noises are nearly always continuous, and there is no form 
of ear disease in which they attain such an intensity as in 
otosclerosis. According to Zwaardemaker, they often have a 
high pitch. There are some patients who gradually become, 
accustomed to them, while there are others in whom they cause 
the most unbearable torture, in spite of their long duration, and 
in whom they may occasion a permanent state of bewilderment 
and psychological depression, which robs them of all the pleasures 
of life. These noises seem to cause the greatest amount of 
annoyance to nervous, hysterical, ansemic, and poorly-nourished 
individuals. Those noises which are localized in the cranium 
are found to be especially annoying to the patient. Where the 
disturbance of hearing increases, the subjective noises also become 
more intense. There are instances in which they sometimes 
continue with undiminished severity after complete deafness has 
ensued, while in other cases every subjective noise disappears 
M’hen the power of hearing has been entirely lost, Hjqieraasthesia 
acustica is often noticed in this disease. 

Intermittent pains, such as sticking and tearing in the deeper 
parts of the ear, are rarely complained of, and then only in the 
beginning of the disease. Otosclerosis is often accompanied by 
a fooling of heaviness and a tightness in the head, W’eakness 
of memory, psychical depression, and attacks of dizziness. 
Neurasthenia and other forms of neurosis are, in many cases, 
undoubtedl}’^ produced by this aural affection.* 

Disturbances of Hearing. — The degree of the disturbance of 
hearing depends on the amount of obstruction to the conduction 
of sound at the stapes, and on the changes which have developed 
in the labyrinth. The progressive loss of hearing is the charac- 

* Cp. Cozzolmo, Ueber Oloncurasthcnic. V trhanllungcn dcs ivlcrii. nted 
Kongresscs in Horn, ISO-i. 
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teristic symiDtom of this form of disease. At first we notice that 
the hardness of hearing is slight, and it may be years before we 
find a gradual increase. Atmospheric conditions and changes 
in temperature exercise only a slight influence upon the poAver 
of hearing in this affection, while indisposition, fatigue, mental 
exertion (Toynbee), over-indulgence in alcohol and tobacco, and 
diseases of the mind, produce a decided change for the worse, 
which is sometimes temporary. Intercurrent catarrhs of the 
naso-pharynx, and catarrhal or purulent inflammations of the 
middle ear, may occasion a temporary or permanent diminution 
in the hearing. 

The difficulty of understanding speech in ordinary intercourse, 
Avhich arises during the course of this disease, is just as annoying 
to the patient as in the catarrhal adhesive processes. As long 
as the labyrinth is not involved in the irrocess, music and singing 
can still be fairly well perceived, although the difficulty of under- 
standing speech is quite marked. If, on the other hand, those 
forms are met with which are complicated Avith an affection of 
the labyrinth, musical tones are falsely and confusedly inter- 
preted, so that even musical individuals avoid operas and 
concerts.* 


A symptom known as paracusis Willisii is frequently observed in this group 
of middle-ear affections, and occasionally when the function of the sound- 
conducting apparatus is impaired through other causes. By this tenn, Ave 
understand that the patients hear better in noises, while riding in trains, 
autos, etc, and during loud music, Lowenberg and Urbanschitsch attribute 
this phenomenon to an increased irritability of the acoustic nerve, brought 
about by a general concussion. The author is of the opinion, however, that tliis 
improvement in hearing in noises is due chiefly to a shaking up of the ossicles, 
Avhose joints have become rigid; these bones are thus tlwown out of their 
equilibrium, and are thereby rendered more capable of transmitting the waves 
of sound. The author has also shown that the terminations of the acoustic 
nerve are simultaneously throrvn out of their equilibrium, wliich causes them 
to become more easily excited by the Avaves of sound. He Avas the first to 
demonstrate experimentally that in nearly tAVO-thirds of the cases in Avhich 
there AA'as a hindrance to the sound-conducting apparatus as a result of a 
middle-ear affection, a more or less striking improvement in the hearing Avas 
produced by placing a deep, vibrating tuning-fork upon the cranium. His 
experiments also shoAA’ed that this improvement is observed in some cases 
in Avhich the cranial bones are shaken by a toneless, rapidly- vibrating body, 
and that it is not necessary to employ bodies having tones in order to produce 
a similar effect. This proves, therefore, that the tones and noises have 
absolutely no influence upon-.the acoustic nerve. His vieAV Avas, furthermore, 
corroborated by the fact thali^aracxisis Willisii Avas not observed in those 
cases of deafness (Avithout middle-ear affection) Avhich were proA’^ed to be of 
nervous origin; this Avas also confirmed by Roosa (Arch. /. Otology, vol. xn.. 


1883) and Lucae. 

In cases in Avhich there is deafness for speech, the perception for the Avatch 
and acoumeter through air conduction is correspondingly diminished. The 
author has only rarely seen cases in which there Avas a striking hearing distance 


* Cp. Heimann, Ueber jt^^S^ossiv fortschreitende Schverhdrigheil- 
Wiener Min. Rundschau, 1898. 
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for the watch when the deafness for speech was quite advanced (Roosa, Amer. 
Journal of Med. Science, 1877 ). The perception of the lower tones is shortened, 
and is in accordance with the degree of distmbance of hearing; on the other 
liand, the tones of Galton’s whistle are sometimes perceived nearly to the 
uppermost limit. Often, however, the upper limit of perception is also 
reduced (Mollcr), and tone-gaps are sometimes found when testing mth 
GaUon’s whistle. In those cases in which the deafness is marked, we find 
that the perception for the watch (acoumeter) through the cranial bones is 
reduced or entirely wanting; this is also true when there is a negative Rinne 
and a lengthened perception tlrrough the cranial bones. If the affection is 
bilateral, a positive result is obtained by Weber’s test only when the difference 
in the liearing power of the two ears is very great. Rinne’s test is positive 
in the beginning of the disease as long as the disturbance of hearing is still 
of a mild form; when the deafness is far advanced, however, this test, as well 
as Gclle’s, is always negative. This is one of the most important diagnostic 
signs in the typical form of otosclerosis. With complete loss of the hearing, 
tlie results of Rinne’s test are often doubtful. In cases in which during 
the course of the disease there is a gradual diminution for the perception of 
tho watch and acoumeter through the cranial bones and the tuning-fork tests 
show, besides a negative Rinne, a shortened conduction through the cranial 
bones, one may conclude that there is a coincident disease of the sound-per- 
ceiving apparatus. 

Course and Terminations. — Otosclerosis frequently begins with 
weak subjective noises, which gradually increase in intensity, 
and often exist a long time without any noticeable disturbance 
of hearing. They are frequently attributed to a so-called nervous 
tinnitus, until after the lapse of months or years there is a notice- 
able decrease in the hearing. Nevertheless, we occasionally 
meet with cases in which the subjective noises and disturbance 
of hearing arise simultaneously, or where the tinnitus develops 
only after the deafness has existed for some time. The affection 
is usually bilateral ; it seldom remains localized in one ear. Where 
one ear becomes diseased, the other generally becomes similarly 
affected after several months or years. 

The primary symptoms of this disease are usually overlooked, 
as tlie patients often become aware of their malady only when 
they notice a disturbance of hearing in ordinary conversation. 
The progressive loss of hearing is usually interrupted by pauses 
of some duration, and shows only slight variations. Still, there 
are patients in whom the degree of deafness remains stationary 
for 3’^ears. Cases are not infrequently observed in which a 
sudden change for the worse takes i>lace after the deafness has 
remained stationary for a long time. Sudden explosions and 
injuries to the cranium may cause a rapid decrease in the hearing 
or a sudden deafness. 

While we sometimes meet with cases of otosclerosis which 
end in marked deafness after having run a course of many jmars 
(twentj’-^ to thirt}’^), there are other cases in which the disturbance 
of hearing increases so rapidly that close conversation can no 
longer be heard, even after the disease has lasted only for several 
months. In these nialignant forms, the functional tests, as a 
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rule, show an early complication of changes in the auclitorv 
nerve (loss of perception for the watch and shortened perception 
for the tuning-fork through the cranial bones). This rapid loss of 
hearing is observed especially in cases of constitutional or heredi- ' 
tary syphilis, scrofula, tuberculosis,' and anjemia. A striking 
change for the worse takes place in women after each puerperal 
state. 

Diagnosis. — The diagnosis of otosclerosis in its typical form is 
easily established when it is associated with progressive deafness. 
If, in a case of progressive deafness, the membrana tympani is 
normal, with or without a reddish lustre from the inner tympanic 
wall, the Eustachian tube permeable during catheterization, 
Einne’s test negative, the low tones inaudible, and the perception 
for the highest tones still present, the diagnosis of the typical 
form of otosclerosis, with its primary seat in the labyrinthine 
capsule, can be made with absolute certainty. In the initial 
stage of the affection, where the deafness is still slight, and where 
the subjective noises are the prevailing symptom, we cannot say 
with certainty ■whether we are dealing with an otosclerosis or Avith 
a nervous deafness. In such cases, therefore, if we find a heredi- 
tary predisposition, Ave may suspect otosclerosis. 

In regard to the diagnosis of the mixed forms of adhesive 
processes in the middle ear with otosclerotic changes in the 
labyrinthine capsule, the author refers the reader to AA'hat has 
already been said on p. 305. 

Prognosis. — This is especially unfavourable in the hereditary 
forms of this disease, in constitutional and hereditary syphilis, 
and in cases in Avhich the disturbance of hearing develops rapidly; 
furthermore, where the perception for the Avatch through the 
cranial bones disappears at an early stage, Avhere a shortened 
perception for the tone of the tuning-fork through the cranial 
bones is manifest Avhile the disease is still in its incipiency, and 
Avhere there are constant and intense subjective noises. A more 
favourable prognosis may be given in those cases in Avhich, in 
spite of the fact that the affection has existed for a long time, 
the disturbance of hearing is still slight, the perception for the 
tick of the Avatch through the cranial bones is preserved, and the 
perception for the tone of the tuning-fork through the cranial 
bones is lengthened (lengthened Schwabach). 

Treatment. — Considering the anatomical changes in the laby- 
rinthine capsule and the terminations of this disease, our clinical 
experience has shown that the treatment of the typical forms 
of otosclerosis is on the Avhole very unsatisfactory and in the 
majority of cases unsuccessful. 

The local treatment of this disease through the Eustachian 
tube has proved ineffectual, and in some cases even detrimental. 
On the other hand, hoAveAmr, pneumo-massage in the external 
auditory canal brings about a more striking improvement in the 
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hearing than inflations per iuham ; this applies especially to those 
cases in which the massage is administered in the first stage of 
the process, and in which the mobility of the foot-plate of the 
stapes is not yet greatly reduced by bony ankylosis. The massage 
must, however, be given only from a half to one minute, and 2-3 
times a week for a period of 4-5 weeks, after which there must be 
a rest of several months. The vibrations must follow each other 
with great rapidity, but their amplitudes must be slight and the 
motion of the piston must be 1 mm., and not more than 4 mm. In 
reference to the pressure and duration of the massage, the same 
applies here as has been said in the chapter on catarrhal adhesive 
processes (p. 310). If the massage is applied too long and too 
violently, it causes increased tinnitus and a diminution in the 
hearing power. 

Although the improvement in hearing produced by massage 
is only of a temporary nature, we must nevertheless consider it 
of some value, as such a change is very often accompanied by a 
diminution in the tinnitus and a relief of the troublesome head 
symptoms. Massage has very little influence on the progress of 
the disease, and is of no value in the advanced forms in which there 
IS complete ankylosis of the stapes. 

The factthat the internal administration of sodium or potassium 
iodide has proved of value in bone affections induced the author 
to prescribe sodium iodide (-l-l gm. per diem) for 25-30 days, 
2-3 times a year, in those cases in which the otosclerosis was 
not yet far advanced. The results were satisfafCtory in a number 
of cases in so far as the continued use of the iodides in the 
above-stated intervals stayed the rapid progress of the disease 
m those cases in which the disturbance of hearing had not 3mt 
attained a high degree. Where, hoAvever, the stapes was firmly 
ankylosed, eveiy therapeutic measure proved absolutely useless. 
In those cases in AAdfich one suspects a syphilitic origin, a 
Wassennann test should be taken, and, if positive, the usual 
antisyphilitic treatment should be,giAmn. klanj’’ drugs, such 
as sojodin, iodoglydin, phosphorus, thyreoidin, and numerous 
others, have been suggested for this malady, but up to the 
present they have yielded no results. 

_ From tile author’s experience no improvement is brought about bj' a change 
in climate, sea-air, and the difTerent bath cures. Such patients feel best at 
a resort •which lies in a protected spot at a moderate height, and where the 
air is drjr. ^ ^ 

In reference to the treatment of those cases in which the progressive 
disturbance of hearing runs its course with symptoms of otosclerosis, and 
the condition of the incmbranc, as well as the swelling or stricture of the 
tube, allows us to assume that there arc pathological changes in the middle 
car, the same remarks apply here as in the treatment of catarrhal adhesive 
processes, to Avhich the reader is referred to on p. 307. 

Lxtraction of the .stapes, which h.as been sugeestt'd in otoselero.sis, is based 
upon experiments performed by Flourcns, Kcsscl, Ricardo, Botcy, Gninert, 
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Garnault, Faraci, and otliers, on birds and rabbits; in these animals deafness 
ensued after the removal of the columella (stapes) from the fenestra vestibuli 
and after the escape of the perilymph from the labjuinth. After several days 
or weeks, however, the lost function returned, and the animals again became 
sensitive to sound. Anatomical investigations showed that the fenestra 
vestibuli was again closed by a newly-formed membrane. 

Extraction of the stapes is an operation easily performed if the foot-plate is 
movable in the fenestra vestibuli. But even in these cases fragments of the 
cartilage, covering the rim of the foot-plate, frequently remain behind.* * * § K, 
on the other hand, the stapes is partially or totally ankylosed in the fenestra 
vestibuli, the crura wiU be fractured even by the most careful extraction. 
Circumcision and loosening of the ankylosed foot-plate without injury to the 
labyrinthine contents, which have been proposed for these cases, are seldom 
successfully carried out, because the plane of the fenestra vestiWli is at such 
an inclination to the axis of the external auditory canal that the field of 
operation cannot be entirely surveyed. 

In this operation particles of the broken foot-plate may enter the vestibule, 
giving rise to a suppurative inflammation of the labyrinth, which would destroy 
the endings of the acoustic nerve. 

The technique of this operation is as follows: A perforation is first made 
in the posterior superior quadrant of the membrana tympani, through which 
the incudo-stapedial joint becomes yisible; the tendon of the stapedius and 
the incudo-stapedial articulation are then severed, and the stapes is removed 
with a small, delicate hook. / 

This operation should always be performed under a general ansesthetic. It 
is frequently followed by severe dizziness, which disappears within a few days.f 
In several cases a transient middle-ear suppuration has been observed after 
the operation.! 

Extraction of the stapes in non-suppurative middle-ear processes, and in 
otosclerosis, has, from years’ experience, proved to be a useless therapeutic 
measure. In the majority of cases a marked diminution in the hearing, 
which leads to deafness, follows this operation. Such an unfavourable 
termination in otosclerosis is not astonishing if we consider the anatomical 
conditions present, and if we consider that even by the early extraction of the 
stapes the advancing bone-formation in the labyrinthine capsule and the 
closure of the fenestra vestibuli caimbt be checked. 

Extraction of the stapes in non-suppurative middle-ear processes, and in 
otosclerosis, has been shown to be of no value§ by C. J. Blake,l| of Boston, 
under whose supervision the greatest number of stapes extractions was unde^ 
taken; Knapp (International Otological Congress in London, 1899), Grunert,]| 
andPanse reported similar results.** 

It must, however, be mentioned here that extraction of the stapes may 


* The author’s experiments on rabbits showed that fragments of the foot- 
plate of the stapes almost always remained behind in the oval window after 
the operation of extraction. In one case he saw regeneration of a foot-plate 
take its origin from the rim which had been left behind. 

f Dench, Neiv York Medical Journal, 1891. icoq. 

% L. Jack, Transactions of the American Otological Society, 1892 and laJo: 
and Boston Medical and SiirgicalJournal, 18d5. 

§ In a praiseworthy article {Practitioner, May, 1897, p. 494) Cheatle gives 
resume of the views of different authorities on the intratympanic procedures 
which we are now discussing. , . 

II Transactions of the American Otological Society (Twenty-sixtli Annua 
Meeting), vol. v., 1893; Transactions of the International Medical Congress, 
Borne, 1894. 

^ Arc7i. /. O/irenA., vol. xli., 1896. 

** Die Schwerhdrigkeit durch Starrheit der Pauhenfenster, 1897. 
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occasionally bo practised with success after a middle-ear suppuration has run 
its course, when an entirely different anatomical condition is present. For 
hirtiicr particulars, the author refers the reader to the chapter on the Intra- 
tympanic Operations after Cessation of a Suppuration of the Middle Ear. 


IT. The Muco-Purulent Inflammations of the Mucous 
Membrane of the Middle Ear. 

(a) Acute Inflammation of the Middle Ear (Otitis media 

acuta). 

Acute inflammation of the lining membrane of the middle ear ‘ 
is characterized h}’- an exudation which develops rapidly, with 
more or less marked reactive phenomena, and which is at first 
soro-sanguineous, then muco-purulent or purulent. There is 
also a simultaneous inflammation of the membrana tympani, and, 
in addition to this, the affection runs a typical, definite course, 
which is generally of short duration. The anatomical changes at 
the beginning of the process are indicated by marked hyperemia, 
which is soon followed by exudation into the interstitial tissue of 
the mucous membrane and into the tympanic cavity. Those 
cases of acute middle-ear inflammation, which have been exam- 
ined j)os{~mor{cvi, show that the mucous membrane is greatly 
swollen, tumefied, and ecchymotic in consequence of the inter- 
stitial serous effusion, and that the epithelium is cloudy, swollen, 
raised, and cast off in places. In a number of cases, the author 
found the spaces in the network of the pelvis ovalis, in the recess 
of the round window, and in the external attic, infiltrated with 
plaques of purulent exudate. These pathological changes were 
also seen to a more or less degree in the mucous membrane of the 
Eustachian tube, and in the lining membrane of the mastoid cells. 

The exudate in the middle ear — which is often so slight in the 
beginning of the affection that none is seen after paracentesis — 
is at first of a sero-hcemorrhagic nature; after several days, this is 
followed by the effusion of a thick, cloudy exudate which is mixed 
with mucus, pus cells, and blood-corpuscles. The secretion is 
often composed mainlj’’ of pus cells, with onlj^ a slight admixture 
oi mucus. The exudate is not alwaj’^s of a thick nature, but is at 
times so firm and tough that it can be removed from the depres- 
sions of the t3nnpanic cavitj"^ and recesses of the labjTinthine 
windows onl}^ in the form of a compact mass. The author has 
repoalodl}’’ seen such a condition at post-mortem examinations. 
In some cases, especially in influenza, scurvj*, and diabetes 
(otitis media lumnorrhagica). one finds mainly’ a haemorrhagic 
exudate. 

Ill most text -books otitis mcilin acuta is discussed as a form of disease 
bclom;iug to tbe acute scro-mucous catarrhs. If, however, we stop to com- 
p.arc the two, we find vast differences. In the catarrhs, the membrana 
tympani is only slightly change<l, transparent, without injection, or only 
slightlyjiypera'mic; the mucous membrane of the tympanic cavity shows onlv 
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a moderate congestion. The exudate is a clear serous fluid, or a transparent 
colloid mass; the reactive phenomena are absent, or present only in a mild 
form; finally, the disease usually runs a slow course, and requires a long time 
for the absorption of its exudate. On the other hand, however, in otitis media 
acuta the membrana tympani is intensely hypersemic, inflamed, covered with 
exudate, and completely opaque ; the mueous membrane of the cavum tympani 
is highly congested; the exudate is cloudy, of a mucous character, mixed -with 
numerous pus cells, or entirely purulent; the reactive phenomena are marked 
and accompanied by severe symptoms; lastly, the course is rapid, and the 
exudate disappears shortly after the Eustachian tube has been rendered 
permeable. Notwithstanding the fact that one disease passes into the other, 
the differences which we have just enumerated give each disease a peculiar 
clinical character, which has an important bearing on the treatment to be 
employed. 

Etiology and Occurrence. — The following are the most frequent 
causes of acute inflammation of the lining membrane of the middle 
ear: Atmospheric conditions, cold plunges and sea-baths, naso- 
pharyngeal catarrhs, infectious diseases such as scarlet fever, 
measles, variola, typhoid fever, influenza, erysipelas, pneumonia, 
bronchial catarrh, and chronic (sero-mucous) middle-ear catarrh. 
In addition to these, an acute inflammation of the middle-ear 
can also be induced by the use of nasal douches, by all naso- 
pharyngeal injections which are applied with too much pressure, 
by snuffing up of cold fluids, and by operative procedures in the 
nose and naso-pharynx, owing to the extension of an infection 
through the Eustachian tube. Galvano- cauterization of the 
mucous membrane of the nose may also give rise to an inflamma- 
tory condition in the middle ear due to the marked reaction 
which sometimes follows this procedure. 

Acute inflammations of the middle ear are more often met 
with in children than in adults. In our climate they are seen 
more often in spring and autumn than in summer and winter. 
They frequently occur in epidemics of influenza. In the majority 
of cases only one ear is affected; seldom the two simultaneously, 
or one after the other. 

Condition of the Membrana Tympani. — In the mild forms 
of this inflammation the membrane appears greatly injected; 
this is especially noticeable at its periphery, in the region of the 
short process, and along the handle of the malleus. Those 
portions situated between the manubrium and periphery present 
a lustreless gray and stippled appearance, and • are also of a 
yellow colour if there is an accumulation of secretion in the 
tympanic cavity.*' The radiating arrangement of the blood- 
vessels is rarely discernible at this stage of the process. Some- 
times punctate or diffuse ecchymoses on the membrane are found 
at the beginning of the affection; this is especially the case in 
the otitis of influenza. 

In the more severe forms, the entire membrane is of a uniform 

* Compare Politzer, Atlas der BelettcJdunffsbilder des Trommelfdls, 1896, 
Plate V., 2. 
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scarlet-red or livid colour; when, however, the injection is most 
raarlicd in the mucous membrane layer, the membrane presents 
a shining aspect resembling a copper-plate. This condition, 
which lasts only a short time at the beginning, disappears very 
rapidly, owing to the timely saturation of the external epidermic 
layer. Through swelling of this layer the membrane assumes 
a dirty-ash or violet-gray appearance, the epidermis becomes 
cracked by numerous crossing'fissures, the handle of the malleus 
is rendered invisible, while the short process can be distinguished 
only as a yellowish-white protuberance in the midst of the 
grayish-red surface. 

Tlie inflammatory infiltration is often confined only to the 
posterior superior part of the membrane, which (Fig. 153) 



Fia. 153. — BiiUisu-nED, iRUEOULiVa 
S\TOLEINaS AT THE POSTERIOR 
Superior Quabrant of the Mem- 
BRANA TvMPAm — EccimiosEs. 

AppeanincQ in a man, 47 years of ago, 
fifteen hours after the beginning of the 
inflammation. Climax of inflamma- 
tion and Bubsidcncc of swelling on tho 
sixth day. Cure after fourteen days. 



Fig. 154. — Globular Swelling at 
THE Posterior vSuperior Quab- 

RANT OF THE SIeMBRANE; AT THE 

Bottom of the Swelling a Yel- 
lowish-green Exudate is seen 

SmNINO through, WIUOH IS 
SmiBPLY DEJI^VROATED .VBOIT: BY 

A Line mtcth its Concavity di- 
rected UPWARDS. 

A condition found in a woman, 30 years 
old, on tho second day of tho disease. 
After Bubsidenco of the inflammation 
tho posterior part of the membrane 
remained thinned. 


bulges towards the meatus as a bluish-red, uneven swelling, 
covering the handle of the malleus, and presenting the appear- 
ance of a polyp; the anterior part, which lies much deeper, is 
often onl}’^ slightly altered. We sometimes find at the beginning 
of this alYection, just as in acute myringitis, the formation of 
one or more serous or hremorrhagic bullai, which burst after a 
short time and discharge their contents into the external meatus. 
The hfomorrhagic bulljB which are found in influenza otitis are 
situated at the posterior superior segment of the membrane, and 
are sometimes in communication with a Inemorrhagic vesicle in 
the auditory canal. Interlamellar abscesses (Ej'sell) are seldom 
inet wit h in t his form of inflammation. A grayish-yellow exudat e 
in the inferior part of the tympanum, similar to a hypopj-on, 
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can be seen shining through in some subacute cases in -which the 
membrane is still partly translucent. Sometimes there develops 
on the external surface of the membrane a sero-haemorrhagic 
secretion -which is of short duration, and causes no disturbance 
in the continuity of the membrane; or there may be a per- 
foration of the membrane, -which is of short duration and is 
accompanied by a sero-hsemorrhagic discharge; after the closure 
of the perforation, the disease presents the clinical course of a 
simple, acute middle-ear inflammation. 



A rare and interesting condition of the membrane in acute middle-ear sup. 
puration is the development of exudation sacs on the posterior superior 
quadrant of the membrane, and communicating with the tympanic cavity. 

They appear (Figs. 154 and 155) as loose, globular 
or bag-shaped sacs on the reddened, swollen 
membrane, and have a greenish or yellowish-gray 
colour; that they communicate with the tympanic 
cavity is show'n by the fact that the exudate, which 
is driven by an inflation of air from the tympanum 
into the sacs, is demarcated by a line from the air 
in their upper part. 

These protruding sacs of the membrane are more 
often seen in the otitis media acuta of adults than 
of children. They frequently develop very rapidly 
on a membrane which was previously normal, and 
especially in individuals in whom the posterior 
superior part of the membrane has become atrophic, 
in consequence of a present or exhausted middle- 
ear catarrh. In the latter case, atrophy and sinhing 
of the posterior part of the drum membrane, winch 
comes into contact -vvith the incudo-stapedial joint, 
almost always remain after the acute inflammation 
has run its course. 

Symptoms. — The disease usually begins 
-with piercing, tearing pains in the ear, 
which radiate towards the vertex, neck, 
and teeth, and are occasionally preceded 
by a feeling of fulness in the ear or 
violent headache. These pains seldom 
attain such a degree of severity in adults 
the latter, the affection, which is often 
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as in children, 
termed otalgia, 


In 


or earache, is nothing less than the accom- 
panying symptom of an acute inflammation of the middle 
ear. The pains are seldom continuous, but intermittent; they 
increase particularly towards evening and during the night, 
and again remit in the course of the day. The remissions are 
more complete in children than in adults. Coughing, hawking, 
swallo-wdng, and eructation usually cause the pains to increase. 
Spontaneous pain and tenderness on pressure over the mastoid 
are met with most frequently in adults during influenza otitis, 
less often in the primary forms. On ‘the other hand, it is 
almost always noticed that the region below the auricle corre- 



SYMPTO^fS OF ACUTE INFLAMMATION OF MIDDLE EAR 343 

sponcling to tlip Eustachian tube is almost invariably sensitive 
to pressure. In children, there is very often a great tenderness 
on pressure over the entire region of the ear. The author has 
repeatedly seen in adults, an acute middle-ear inflammation 
complicated with a trigeminal or cervico-occipital neuralgia. 
If the examination is undertaken in a superficial manner, the 
latter may be mistaken for a mastoid abscess. The disease often 
runs its course without fever in adults; occasionally, however, 
a rise of temperature above 88° 0. (100-4° P.), preceded by a 
chill, is observed in the evenings at the beginning and up to 
the climax of the process. The high fever (over 40° C. = 104° P.) 
which occurs in very young children is sometimes accompanied 
by vomiting, delirium, and convulsions. 

The subjective noises, such as ringing, hissing, whistling, and 
whizzing, which often accompany an acute middle-ear inflamma- 
tion, are sometimes of an intermittent character. These sensa- 
tions, as the author was the first to demonstrate on the non- 
perforated membrane, correspond to visible pulsations of different 
spots of light, or of a large portion of the bulging membrane. The 
early subsidence of these noises in the course of the inflammation 
may be regarded as a favourable sign; if, however, they continue 
uninterruptedly after the disease has run its course, this must 
be looked upon as an unfavourable symptom. 

In addition to these subjective noises, the patients often com- 
plain of a feeling of heaviness and tightness of the head and of 
the resonance of their own voice. The latter symptom often 
continues until the inflammation has run its course. Only by 
testing the sense of taste can we sometimes find an alteration 
on that side of the tongue corresjjonding to the diseased ear 
(Urbantschitsch). The author has seen a slight transient facial 
paralysis in several cases. 

On the border between the exudative middle-ear catarrh and otitis media 
acuta, the o£t-occurring subacute inflammations are found. They run their 
course witli mild, reactive symptoms, without fever, vdth hardly any dis- 
turbance to the general system, but with the discharge of a muco-purulent 
exudate.* The very cloudy, yellowish-gray merabrana tympani, wdth its 
depressed umbo and its bulging parts lying between the periphery and 
handle of the malleus, shows a radiating injection which is usually of long 
duration. This form, which is characterized by its protracted course, occurs 
ni lymphatic, cachectic, and tubercular individuals. In healthj' young persons 
wo find this form as a sequel to an exudative middle-car catarrh which has 
lasted a long time. 

Disturbances of Hearing. — In the first stage of the inflam- 
mation (fluxion), in which the pain increases in intensity, the 

* In individuals who died of other diseases, Gorke found, strikingly often, 
at tlio ^wst-mor/cm of adults, an inflammatory- exudate in the middle ear 
uulioiit n perforation in the drum, and is of opinion that such exudates 
occur in the last days or weeks of life (Vcrhandlungcn dcs Dculsch. olo. GcscU- 
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disturbance of hearing is usually of a moderate degree. , It is onlj 
in the following stage of exudation that the deafness becomes 
marked, owing to the accumulation of the exudate in the tympanic 
cavity, and to the intense swelling of the mucous membrane of 
the tube and tympanum; the pain diminishes simultaneously 
in consequence of a decrease Jn the hypersemia of the drum 
membrane. 

The perception for the -watch or aconmeter through the cranial bones is, 
as a rrde, normal; it may be temporarily reduced or entirely wanting when 
there is a simultaneous hypersemia and serous infiltration of the labyrinth, 
in secondary syphilis, and in phthisical and decrepit individuals. In unUateral 
affections the tone of the tuning-fork is localized, with only few exceptions, 
towards the diseased ear. 

The auscultation sounds (p. 120) vary according to the nature of the secretion 
and the degree of swelling in the tube. The thinner the exudate, the more 
distinctly will gurgling noises be perceived; when the exudate is tough or 
hard, and when the swelling in the tube is marked, the noises produced by the 
entering air have a rough, sharp, and irregular sound. 

Course, Duration, and Terminations. — The course and dura- 
tion of an acute middle-ear inflammation depend on the intensity 
of the process, the cause of the disease, and the general condition 
of the patient.* The duration of the painful stage in the primary 
inflammations and in persons of a healthy constitution varies 
froni several hours to eight days and over. As a rule, the pains 
reach their climax on the third or fourth day, and become less 
intense with the appearance of'the exudate. Eepeated exacerba- 
tions of the inflammation, with an increase in the pains and 
in the fever, are not infrequently observed during the course of 
the disease. When the process runs a regular course, a decided 
diminution in the hearing takes place with the disappearance 
of the pains; this diminution, however, is subject to more or 
less striking fluctuations until the hearing again returns to its 
normal state. 

As the pains abate the diffuse hypermmia and swelling of the 
membrana tympani, as a rule, also disappear; the membrane 
presents a yellow or leaden-gray appearance, the short process 
of the malleus becomes more prominent, while the manubrium 
is still covered with the markedly injected bloodvessels. At the 
same time only a few or a great many sharply- defined blood- 
vessels are visible on the membrane, which (Figs. 156 and 157) 
extend as slightly tortuous twigs from the intensely hypertemic 
peripheral vessels towards the centre and handle of the malleus. 
This congestion of the membrane diminishes in proportion to 
the absorption of the exudate in the tympanic cavity. As the 

* According to Kiimmel (Verhandl. des Deiitsch. oto. Oesell., 1906), tbe 
clinical course does not depend alone on the class or virulence of the bactena, 
but on the anatomical structure of the diseased middle-ear apparatus— -tba 
is, whether we have to do with an epitympanic or mesotympanic type of the 
affection. 
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inflammatory process subsides, the lustre of the membrane 
gradually returns, the handle of the malleus becomes visible, 
the gray, cloudy membrane gradually clears up, and, as a rule, 
regains its former normal appearance with the return of the 
hearing power. Sometimes, after repeated relapses, partial 
and diffuse opacities, chalk deposits, circumscribed atrophies, 
and partial retractions remain on the memhrana tympani. It 
is liardly necessary to dwell on the fact that the course is also 
influenced by a timely rational treatment. 

Duration. — If an acute middle-ear inflammation runs a normal 
course, the parts return to the normal state from a few days (mild 
form) to throe weeks and over. The course of the disease is, 
as a rule, more favourable in summer than in autumn and winter. 
When the individuals are healthy and surrounded by favourable 
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atmospheric conditions, the process runs a rapid course; if, how- 
ever, the patients are weak or anaiinic, or when the affection occur.« 
in the acute exanthemata, in influenza and typhoid fever, or in 
lymphatic and tubercular individuals, or in association with 
recurrent otitis media, its course is usually of a protracted nature. 
Not infrequently painful exacerbations occur in consequence of 
external harmful conditions, improper diet (alcohol), in erysipelas, 
in intercurrent naso-pharyngeal catarrhs, and occasionally with- 
out any discoverable cause. Such relapses may recur repeatedly, 
and the author would like to call attention to the fact that 
particularly in this form of inflammation the disappearance or 
reappearance of the pain is of prognostic importance, for the 
reason that a decided lessening of the inflammation can be 
expected only with a diminution in the pain, while a return of 
the pain almost always points towards an increase of the inflam- 
matory process. An obstinate tinnitus often remains after 
influenza otitis: this is due to a simultaneous neuritis cochlearis. 
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which either disappears after several months or is the forerunner 
of a progressive deafness. 


In the last few years the author has often observed neuralgias occurring in 
paroxysms after an exhausted influenza otitis, which generally disappeared 
after the use of salicylate of soda (1 gm. pro diem). A point of tenderness on 
the parietal eminence is characteristic of these .neuralgias (Hammerschlag). 

Terminations. — The terminations of an acute . middle-ear 
inflammation are : (1) Eecovery without any unpleasant sequels. 
(2) Transition into an acute suppurative inflammation of the 
middle ear with perforation of the membranatympani. (3) Tran- 
sition of the inflammation into the chronic form of exudative 
catarrh which either subsides or leads to adhesive changes in the 
sound-conducting apparatus. (4) Extension of the inflammation 
to the cells of the mastoid process with consecutive formation of 
abscesses. (5) Extension of the process to the cranial cavity, to 
the lateral sinus, and to the jugular bulb. These complications, 
which occur more often in perforative middle-ear suppurations, 
generally arise without any demonstrable lesion of the bony wall, 
and are brought about by the emigration of the bacteria through 
the blood and lymph channels, or along the clefts of connective 
tissue between the middle ear and the cranial cavity. (6) Death, 
through general septicemia arising from the "middle ear itself 
without any diseased condition of the lateral sinus and bulb 
(otitis media septica). 

A tendency to relapse remains for some time after the acute 
middle-ear inflammation has run its course. We find especially 
in children that the inflammation recurs regularly for many years 
in the spring and autumn following a marked coryza or sore 
throat. Such relapses may end in cure, but frequently, however, 
if they recur often, they may give rise to a connective-tissue 
growth in the mucous membrane of the middle ear which impairs 
the vibratory function of the ossicles and excludes the possibility 
of restoring the hearing function. 

Diagnosis. — The diagnosis is easily arrived at, if one takes 
into consideration the duration of the disease, the characteristic 
condition of the membrana tympani, and the general symptoms , 
previously described. It might be possible to mistake it for 
myringitis acuta only in the beginning of the affection and as long 
as the disturbance of hearing is still of a mild degree (see p. 258). 
It is not always possible to state when the inflammation will 
reach its climax, whether it will subside without any lesion of 
the membrane, or whether a perforation of the latter will 
ensue. 

Prognosis. — This is favourable in the primary inflammations, 
in healthy individuals and in those surrounded by favourable 
atmospheric conditions; it is unfavourable in constitutional 
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disorders, in diabetics,* arid after frequent relapps ; furthernaore, 
in persons who cannot avoid harmful external influences during 
the course of their ailment. 

Treatment. — The treatment of acute inflammations of the 
middle ear is palliative at the beginning. It is our chief aim 
at this stage to remove or alleviate the pains. 

In the milder forms of the disease, accompanied by moderate, 
intermittent pains, one can bring about a rapid relief by the 
instillation of 10-15 drops of warm hydrogen peroxide or 10-15 
drops of a warm carbo-glycerine solution into the external 
auditory canal. These are allowed to remain for 5-10 minutes, 
and repeated every hour or two until the desired relief is obtained. 
When the pains are severe and appear in paroxysms, they are 
most rapidly relieved with hot wet dressings of Burow’s solution. 
Belief can also be obtained by the introduction of cotton dipped 
into 5-6 drops of a very warm narcotic oil (ol. olivarum or ol. 
hyoscyam. press. 10-0, morph, phtalic. 0-2). Gradenigo and Pes 
prefer a 1-2 per cent, aqueous solution of carbolic acid to which 
a 1 per cent, saline solution is added. If the latter proves in- 
effectual, we may try the instillation of 5-6 drops of a 5 per cent, 
cocaine solution intq the nostril, with the head inclined towards 
the affected side, by which means several drops of the fluid reach 
the pharyngeal orifice of the tube. 

Sometimes the patients cannot stand warm applications, in 
which case cold applications often have a surprisingly soothing 
effect. Bier’s stasis bandage, which has been recommended to 
relieve the pain, has proved of little value. The same is true of 
Klapp’s suction-bell, which has recently been employed. When 
there is high fever, an antipyretic may be given with beneficial 
effect. 

If the patient is unable to sleep on account of the pain, it is 
advisable to give some narcotic either by mouth or hypo- 
dermically. 

The extraction of blood by means of leeches or by the 
Heurtelqup apparatus, which was formerly often employed in 
acute middle-ear processes, has been discarded. These procedures 
have no effect on the inflammatory process; still, there are cases 
in which the severe pains may be reduced or entirely alleviated 
by their application. For this purpose leeches are applied in 
front of the tragus. The number of leeches to be used varies from 
1 in children to 2-4 in adult, healthy individuals. 

Even if the disease runs its course without fever, the patient 
should be confined to his room until all the reactive symptoms 
have disappeared. A vigorous sweat cure sometimes affords 
relief. In the reactive stage the diet must be regulated, and the 

^ number of diabetics, Daniel Kaufmann, the chief of the aural clinic 
at Itanz Josephs- Ambulatorium in Vienna, observed a favourable course 
also in the perforative form of otitis media acuta. 
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disturbance of hearing is usually of a moderate degree. . It is only 
in the following stage of exudation that the deafness becomes 
marked, owing to the accumulation of the exudate in the tympanic 
cavity, and to the intense swelling of the mucous membrane of 
the tube and tympanum; the pain diminishes simultaneously 
in consequence of a decrease Jn the hypergemia of the drum 
membrane. 

The perception for the watch or acoumeter tlirough the cranial hones is, 
as a rule, normal; it may be temporarily reduced or entirely wanting when 
there is a simultaneous hyperaemia and serous infiltration of the labyrinth, 
in secondary syphilis, and in phthisical and decrepit individuals. In unilateral 
affections the tone of the tuning-fork is localized, with only few exceptions, 
towards the diseased ear. 

The auscultation sounds (p. 120) vary according to the nature of the secretion 
and the degree of swelling in the tube. The thinner the exudate, the more 
distinctly wiU gurgling noises be perceived; when the exudate is tough or 
hard, and when the swelling in the tube is marked, the noises produced by the 
entering air have a rough, sharp, and irregular sound. 

Course, Duration, and Terminations. — The course and dura- 
tion of an acute middle-ear inflammation depend on the intensity 
of the process, the cause of the disease, and the general condition 
of the patient.* The duration of the painful stage in the primary 
inflammations and in persons of a healthy constitution varies 
from several hours to eight days and over. As a rule, the pains 
reach their climax on the third or fourth day, and become less 
intense with the appearance of 'the exudate. Eepeated exacerba- 
tions of the inflammation, with an increase in the pains and 
in the fever, are not infrequently observed during the course of 
the disease. When the process runs a regular course, a decided 
diminution in the hearing takes place with the disappearance 
of the pains; this diminution, however, is subject to more m 
less striking fluctuations until the hearing again returns to its 
normal state. 

As the pains abate the diffuse hyperaemia and swelling of the 
membrana tympani, as a rule, also disappear; the membrane 
presents a yellow or leaden-gray apjoearance, the short process 
of the malleus becomes more prominent, while the manubrium 
is still covered with the markedly injected bloodvessels. At the 
same time only a few or a great many sharply- defined blood- 
vessels are visible on the membrane, which (Mgs. 156 and 157) 
extend as slightly tortuous twigs from the intensely hypersemic 
peripheral vessels towards the centre and handle of the malleus. 
This congestion of the membrane diminishes in proportion to 
the absorption of the exudate in the tympanic cavity. As the 

* According to Kiimmel (Verhandl. des Deutsch. oto. Gesell., 
clinical course does not depend alone on the class or virulence of the bactem, 
but on the anatomical structure of the diseased middle-ear apparatus— -t a 
is, whether we have to do with an epitympanic or mesotympanic type o lo 
affection. 
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inflammatory process subsides, the lustre of the membrane 
gradually returns, the handle of the malleus becomes visible, 
the gray, cloudy membrane gradually clears up, and, as a rule, 
regains its former normal appearance with the return of the 
hearing power. Sometimes, after repeated relapses, partial 
and diffuse opacities, chalk deposits, circumscribed atrophies, 
and partial retractions remain on the membrana tympani. It 
is hardly necessary to dwell on the fact that the course is also 
influenced by a timely rational treatment. 

Duration. — If an acute middle-ear inflammation runs a normal 
course, the parts return to the normal state from a few days (mild 
form) to three weeks and over. The course of the disease is, 
as a rule, more favourable in summer than in autumn and winter. 
When the individuals are healthy and surrounded by favourable 
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atmospheric conditions, the process runs a rapid course; if, how- 
ever, the patients are weak or an®mic, or when the affection occurs 
in the acute exanthemata, in influenza and typhoid fever, or in 
lymphatic and tubercular individuals, or in association with 
recurrent otitis media, its course is usually of a protracted nature. 
Not infrequently painful exacerbations occur in consequence of 
external harmful conditions, improper diet (alcohol), in erysipelas, 
in intercurrent naso-pharyngeal catarrhs, and occasionally with- 
out any discoverable cause. Such relapses may recur repeatedly, 
and the author would like to call attention to the fact that 
particularly in this form of inflammation the disappearance or 
reappearance of the pain is of prognostic importance, for the 
reason that a decided lessening of the inflammation can be 
expected only with a diminution in the pain, while a return of 
the pain almost always points towards an increase of the inflam- 
matory process. An obstinate tinnitus often remains after 
influenza otitis; this is due to a simultaneous neuritis cochlearis. 
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which either disappears after several months or is the forerunner 
of a progressive deafness. 

In the last few years the author has often observed neuralgias occurring in 
paroxysms after an exhausted influenza otitis, which generally disapperred 
after the use of salicylate of soda (1 gm. pro diem). A point of tenderness on 
the parietal eminence is characteristic of these .neuralgias (Hammerschlag). 

Terminations. — The terminations of an acute middle-ear 
inflammation are : (1) Eecovery without any unpleasant sequelae. 
(2) Transition into an acute suppurative inflammation of the 
middle ear with perforation of the membrana tympani. (3) Tran- 
sition of the inflammation into the chronic form of exudative 
catarrh which either subsides or leads to adhesive changes in the 
sound-conducting apparatus. (4) Extension of the inflammation 
to the cells of the mastoid process with consecutive formation of 
abscesses. (5) Extension of the process to the cranial cavity, to 
the lateral sinus and to the jugular bulb. These complications, 
which occur more often in perforative middle- ear suppurations, 
generally arise without any demonstrable lesion of the bony wall, 
and are brought about by the emigration of the bacteria through 
the blood and lymph channels, or along the clefts of connective 
tissue between the middle ear and the cranial cavity. (6) Death, 
through general septicasmia arising from the middle ear itself 
without any diseased condition of the lateral sinus and bulb 
(otitis media septica). 

A tendency to relapse remains for some time after the acute 
middle-ear inflammation has run its course. We find especially 
in children that the inflammation recurs regularly for many years 
in the spring and autumn following a marked coryza or sore 
throat. Such relapses may end in cure, but frequently, however, 
if they recur often, they may give rise to a connective-tissue 
growth in the mucous membrane of the middle ear which impairs 
the vibratory function of the ossicles and excludes the possibility 
of restoring the hearing function. 

Diagnosis. — The diagnosis is easily arrived at, if one takes 
into consideration the duration of the disease, the characteristic 
condition of the membrana tympani, and the general symptoms . 
previously described. It might be possible to mistake it for 
myringitis acuta only in the beginning of the affection and as long 
as the disturbance of hearing is still of a mild degree (see p. 258). 
It is not always possible to state when the inflammation will 
reach its climax, whether it will subside without any lesion of 
the membrane, or whether a perforation of the latter will 
ensue. 

Prognosis. — This is favourable in the primary inflammations, 
in healthy individuals and in those surrounded by favourable 
atmospheric conditions; it is unfavourable in constitutional 
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disorders, in diabetics,* and after frequent relapses; furthermore, 
in persons who cannot avoid harmful external influences during 
the course of their ailment. 

Treatment. — The treatment of acute inflammations of the 
middle ear is palliative at the beginning. It is our chief aim 
at this stage to remove or alleviate the pains. 

In the milder forms of the disease, accompanied by moderate, 
intermittent pains, one can bring about a rapid relief by the 
instillation of 10-15 drops of warm hydrogen peroxide or 10-15 
drops of a warm carbo- glycerine solution into the external 
auditory canal. These are allowed to remain for 5-10 minutes, 
and repeated every hour or two until the desired relief is obtained. 
When the pains are severe and appear in paroxysms, they are 
most rapidly relieved with hot wet dressings of Burow’s solution. 
Belief can also be obtained by the introduction of cotton dipped 
into 5-6 drops of a very warm narcotic oil (ol. olivarum or ol. 
hyoscyam. press. 10*0, morph, phtalic. 0-2). Gradenigo and Pes 
prefer a 1-2 per cent, aqueous solution of carbolic acid to which 
a 1 per cent, saline solution is added. If the latter proves in- 
effectual, we may try the instillation of 5-6 drops of a 5 per cent, 
cocaine solution into the nostril, with the head inclined towards 
the affected side, by which means several drops of the fluid reach 
the pharyngeal orifice of the tube. 

Sometimes the patients cannot stand warm applications, in 
which case cold applications often have a surprisingly soothing 
effect. Bier’s stasis bandage, which has been recommended to 
■relieve the pain, has proved of little value. The same is true of 
Klapp’s suction-bell, which has recently been employed. When 
there is high fever, an antipyretic may be given with beneficial 
effect. 

• If the patient is unable to sleep on account of the pain, it is 
advisable to give some narcotic either by mouth or hypo- 
dermically. 

The extraction of blood by means of leeches or by the 
Heurteloup apparatus, which was formerly often employed in 
acute middle-ear processes, has been discarded. These procedures 
have no effect on the inflammatory process; still, there are cases 
in which the severe pains may be reduced or entirely alleviated 
by their application. For this purpose leeches are applied in 
front of the tragus. The number of leeches to be used varies from 
1 in children to 2-4 in adult, healthy individuals. 

Even if the disease runs its course without fever, the patient 
should be confined to his room until all the reactive symptoms 
have disappeared. A vigorous sweat cure sometimes affords 
relief. In the reactive stage the diet must be regulated, and the 

* In a number of diabetics, Daniel Kaufmann, tbe chief of the aural clinic 
at IVanz Josephs- Ambulatorium in Vienna, observed a favourable course 
also in the perforative form of otitis media acuta. 
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use of alcohol and tobacco forbidden. If the otitis, media is 
accompanied by a sore throat, this must also receive medical 
attention. 

Paracentesis of the membrane (p. 287) is indicated in acute 
middle- ear inflammations only when, with constant accumu- 
lation of secretion in the middle ear, the severe pains continue 
with or without fever in spite of every local medication. It is 
further indicated if the otitis media is accompanied by vomiting, 
convulsions, delirium, and pulsating pains (Brieger), and if there 
is spontaneous pain or tenderness on pressure over the mastoid 
process. According to Heimann,* paracentesis should not be 
performed within the first twenty-four hours, because the transi- 
tion into a perforative purulent otitis (when' such a condition 
occurs) takes place between the third and fifth day. 

By paracentesis the pains are often rapidly relieved; still, they 
sometimes continue in spite of the.fact that the secretion is being 
discharged. After early paracentesis, there is a sero-haemorrhagic 
exudation, which is followed in a short time by a muco-purulent 
or purulent secretion. If the exudate is thick, the flow of secretion 
begins only 1-2 days after the operation. In lymphatic, tuber- 
cular, and debilitated individuals, the author has often seen a very' 
protracted, chronic middle- ear suppuration with complications 
develop after paracentesis. 

Paracentesis is contra-indicated in the milder forms of acute 
middle-ear inflammations; for the reason that the author has 
repeatedly seen, in bilateral affections, a protracted muco- 
purulent discharge arise in the one ear after this operation, 
while in the other, in which paracentesis was not performed, he 
has seen healing and complete restoration of the hearing power 
take place much earlier by Politzerization. 

The disturbances of hearing which accompany acute, middle- 
ear inflammations are most rapidly relieved by inflations into 
the middle ear by the author’s method. Such inflations are not 
to be given in the beginning of the process during the painful 
reactive stage, because the inflammatory irritation and pains are 
heightened by the sudden increased pressure in the tympanic 
cavity. As soon as the pains have become less and the hearing 
has rapidly decreased, we must begin with inflations of air, in 
order to re-establish the permeability of the Eustachian tube, 
to remove the exudate in the middle ear, and to facilitate its 
absorption. 

In the great majority of cases, the absorption of the exudate 
and a complete cure are attained by the inflations alone 
(comp. p. 104). These should be very light in the beginning of 
treatment, and increased as the inflammatory process decreases. 
The author almost invariably administers his method with a sharp 
act of inspiration in this form of middle-ear inflammation (p. 180). - 

* Coinftes rendus du XIV. Gongr. intern, de Medecine, Madrid, 1903. 
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Only when there is a marked resistance in the tube, or when the 
author’s method with the sharp act o£ inspiration fails, must 
Politzerization, combined with an act of swallowing, be given 
forcibly. 

Tho assertion wliicli has hecn made, that in those cases in which the membrane 
is intact, infectious particles of mucus are forced from tho naso-pharynx into 
tho middle ear during inflations b.y tho author’s method, and that an otitis 
media acuta may thus be brought about, has not been confirmed. 

When tho membrane is intact, wo are not dealing with a direct current of 
air into tho middle car during inflations by tho author’s method as in cathe- 
terization, but with a condensation of the column of air in tho tympanic 
cavity. It will therefore bo seen that tho secretion lying in tho naso-pharynx 
or in tho ostium pharyngcum tubre will be pressed only so far into the tube, 
as tho cavity of the middle car is enlarged tlirough tho bulging of tho mem- 
brane towards tho external meatus. Tho entrance of infectious particles 
from the naso-pharynx into the tympanum during this method is out of the 
question even from a physiological standpoint; on tho contrary, particles of 
mucus can reach the middle car more easily by catheterization. 

The use of the catheter is contra-indicated in all those cases 
in which the air can be forced into tho t3’'nipanic cavity with 
sufficient strength bj' tho author’s method. By the former 
procedure the instrument comes into contact with the inflamed 
mucous membrane of the tube, thus increasing the swelling, and 
aggravating the inflammation in the tympanic cavity, owing to 
the mechanical irritation in the lube. It is only in exceptional 
cases in which the tube is impermeable through marked swelling 
that we are compelled to resort to catheterization. 

The striking improvement in hearing which is often noticed 
immediately after an inflation of air is again partially lost on 
the following day if the discharge of the secretion does not 
abate. We have the right to assume that the exudate is getting 
less if the improvement in the hearing obtained after an infla- 
tion remains constant for twenty-four hours, or, as is sometimes 
the case, increases during this time. Prom this time bn, the 
inflations are no longer given daily, but only every other day, 
-later every third day, and finally only once a week, until the 
tests indicate a normal hearing. 

. Injections of medicated solutions into the middle ear by means 
of the catheter are very harmful in this form of inflammation; 
they not only lengthen the course of the inflammation, but 
frequently occasion an increase in the exudation and in the inflam- 
naatory symptoms. 

The naso-pharyngeal- affections accompanying acute middle- 
ear inflammations must be carefully treated, as they have a direct 
bearing on these inflammatory conditions. 
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(fi) Acute Purulent Inflammation of the Middle Ear. 

Acute purulent inflammation of the middle ear is characterized 
by hyperaemia, which generally arises with marked reactive 
symptoms, and by swelling and cell-infiltration of the mucous 
membrane of the middle ear, which rapidly leads to the effusion 
of a purulent exudate and to perforation of the inflamed mem- 
brana tympani. The inflammatory changes in the mucous 
membrane are on the whole very intense, and the discharge, 
which is generally very copious, contains a large number of pus- 
cells. This form of inflammation is therefore differentiated from 
otitis media acuta only by its different clinical aspect, and by 
its course after perforation of the drum has taken place. 

The pathological changes are almost invariably distributed over 
the entire mucous membrane of the middle ear. Even in those 
cases in which there were no symptoms of irritation in the mastoid 
process during the life of the patient, the author has found a 
purulent exudate in the antrum and in the cells of the mastoid 
process at the post-mortevi. The labyrinth usually remains intact ; 
sometimes, however, the anastomosis between the vessels of the 
middle and internal ear brings about a marked hyperaemia 
and serous infiltration, rarely a purulent inflammation, which 
may run along with or without perforation of the labyrinthine 
windows; a purulent inflammation of the labyrinth secondary 
to otitis is, in rare cases, encountered in the infectious diseases. 

Etiolo^ and Occurrence. — Acute, purulent inflammation 
of the middle ear is induced by the same causes as acute middle- 
ear inflammation running its course without perforation of the 
membrana tympani. The following are the causes: External 
atmospheric conditions, colds in the head, acute naso-pharyngeal 
catarrhs, scarlet fever, measles, small-pox, typhoid fever, 
diphtheria, pneumonia, influenza, erysipelas, whooping-cough, 
and the puerperal state. Acute middle-ear suppuration some- 
times develops after an injury, as after traumatic ruptures, 
paracentesis, or other operations on the drum. It may also be 
due to contusions of the head and of the organ of hearing, to 
forcible attempts at extraction of foreign bodies from the external 
meatus, and to scalding and cauterization of the ear. Occasionally 
it follows the use of nasal douches, sea-baths, and the snufiSng 
up of fluids into the nose. 

This form of middle-ear disease occurs more often in children 
than in adults, and is more frequently met with in the spring 
and autumn than in the summer and winter. Observations 
have shown that it appears exceedingly often as a complication 
during an influenza epidemic. The inflammation is more often 
unilateral in the primary and traumatic forms, and bilateral 
in the otitis accompanying scarlet fever, measles, and typhoid 
fever. 
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Conditions of the Membrana Tympani. — The inflammatory 
changes on the drum in acute, purulent middle-ear suppuration, 
before perforation takes place, are more pronounced than in 
acute middle-ear inflammation running its course without 
perforation. 

At the beginning of the process, the membrane appears 
injected at its upper part and along the handle of the malleus, and 
the osseous meatus is also diffusely reddened. Where the pro- 
cess has lasted only a few hours the entire membrane is often 
scarlet-red or livid, ecchymotic and swollen, and a serous bulla 
having a pearly lustre may be seen at the posterior superior 
segment. In the otitis of influenza the membrane is covered 
with an exudate or by hfemorrhagic bullte. The posterior segment 
is more prominent, covered with cracked epidermis, infiltrated 
with serum, and occasionally covered with a slight exudate. 
The light reflexes, which are situated at different parts of the 
membrane, often show a distinct pulsation before perforation 
has taken place. Sometimes pulsation of a part of the posterior 
segment of the membrane is distinctly visible. 

In other cases in which, in the beginning of the process, the 
membrane is diffusedly reddened and livid, a yellow discoloration 
is seen at its most prominent part; this prominence is usually 
situated on the posterior segment, and is brought about by the 
accumulation of pus in the tympanic cavity;, or a pointed, 
yellow elevation may be seen on the posterior segment of the 
membrane, at which place, perforation usually takes place within 
a short time.* 

Interlamellar abscesses, which appear as yellowish-green 
prominences the size of a millet- to that of a hemp-seed, and 
surrounded by a livid area, are of frequent occurrence in this 
form of inflammation. The failure to observe them clinically 
is due to the fact that they rupture early in the course of the 
disease. They are situated either in the posterior segment of 
the membrane or in the region of the umbo. The author has 
repeatedly seen them at this place in the otitis media suppura- 
tiva of diabetics (Fig. 158). 

Eupture takes place either at such an abscess (Fig. 1 59) or at 
the most prominent part of the membrane, which is often of 
a yellowish-green colour. Frequently, however, one is not in the 
position to determine at which place perforation will take place, 
even if the examination is made early, as cases have been observed 
in which the posterior segment was markedly bulged, and per- 
foration nevertheless occurred at the anterior inferior part. The 
osseous meatus is almost invariably markedly injected and swollen, 
its cuticular surface occasionally macerated and raised through 
serous infiltration or through the formation of builse (Bing), 
and the border between it and the membrana tympani obliterated. 

* Op. Politzer, Adai, Plate V., 17-19. 
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The swelling and protrusion of the posterior superior wall of the 
meatus, observed during the course of the process, must be 
regarded as a symptom of purulent inflammation and abscess 
formation in the mastoid cells. 

The condition of the membrane presents a decidedly different 
aspect after perforation has taken place. The auditory canal is 
swollen, moist, and covered with a layer of exfoliated epithelial 
shreds. After the parts have been thoroughly cleansed, the 
membrane, which is covered with a muco-purulent secretion and 
macerated epidermis, appears excoriated in parts, intensely con- 
gested, livid, flat or irregular, and uneven, and the boundary 
between it and the auditory canal seems obliterated. The handle 
of the malleus is almost always invisible, while the short process 
can only be seen at times. The place of rupture is generally 
between the handle of the malleus and the tendinous ring; 
more often, however, anterior than posterior to the manubrium. 



Fig. 158. — Abscess, the Size of a 
Millet-Seed, ih the Centre of 
THE Membrana Tympani Six 
Hours after Onset of the In-- 

FLAMJLATION. 

Perforation of the membrane at this 
place on the following day. Hearing 
distance before perforation : Acou- 
meter=J m. Whispered speeoh= 
2 m. Condition in a diabetic patient, 
30 years of age. 



Fig. 159.— Nipple-shaped Bulging 
OF THE Posterior Part of the 

MeSIBRANE VUTH THE PERFORA- 
TION Orifice at its Summit. 

Condition in a woman, 28 years of ago, 
after four weeks’ duration of the pro- 
cess. Abscess of the mastoid process. 
Opening of the mastoid. Five days 
after the operation the nipple on the 
membrane disappeared. Cure. 


The perforation can frequently not be located, or is indicated only 
by a small depression filled with secretion and presenting a 
pulsating light reflex. It often happens that the- place of rupture 
is discernible only when the edges of the perforation are forced 
apart by an inflation of air into the middle ear, or when a drop of 
pus appears at the perforation during rarefaction of the air m 
the external meatus by means of Siegle’s speculum. When the 
discharge is moderate, the perforation sometimes appears as a 
sharply-defined, black orifice the size of a pin-hole pr poppy-seed 
(Tig. 161), in which a pulsating drop or air-bubble is occasionally 
seen. As a rule, the membrane is' found perforated only at one 
place. Double or, multiple perforations are generally observed 
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in tubercular individuals (v. Politzer’s Atlas, Plate VI., 8, and 
Plate YIIL, 27 and 28). _ 

The perforation is sometimes situated at the apex of a nipple- 
shaped elevation, in the posterior part of the- membrane; some- 
times, during Valsalva’s method, a drop of pus can be seen exuding 
through the opening without a simultaneous escape of air * 
(Pig. 160). The orifice of the perforation, situated at the apex 
of the nipple-shaped elevation, forms the place of exit of a canal 
running into theprominenceandcommunicatingwith thetympanic 
cavity. Granulations are not infrequently found in these pro- 
tuberances. This form of perforation is, according to the author’s 
observations, often combined with inflammation and abscess 
formation in the mastoid process. The author has also noticed 
that when such a condition of the membrane is found, the middle- 
ear suppuration frequently runs an extremely protracted course. 
The size of the perforation in the acute forms of otitis rarely 
exceeds that of a hemp-seed; on the other hand, however, we 
find that in the otitis following infectious diseases, and when a 
tubercular nodule breaks down, a rapid destruction of the entire 
membrane and a diffuse loss of substance maj' take place even 
within a few days. Perforation of Shrapnell’s membrane is 
rather unusual in acute middle-ear suppurations. 

Character of the Secretion, — ^At the beginning of the affection the 
secretion does not always appear in the form of pus, but as a red serum, or 
as a clear yellow, viscid fluid, which assumes a purulent or blennorrhoeic 
character only after a few days. The amount of secretion is very trifling 
in some cases, while in others the discharge is so profuse that the entire 
field is again covered immediately after syringing, or after its removal 
with cotton tampons. During the course of the disease the discharge of thin 
pus, free from mucus, may follow a blennorrhoeic secretion, and vice versa. This 
fact deserves special attention, because, according to the author’s observations, 
the blennorrhoeic forms of suppurative middle-ear inflammations always take 
a more obstinate course than the purulent forms. Hcemorrhagic secretion is 
met with in cachectic individuals, in leuluemia, in traumatic inflammations 
(Truckenbrod), in Bright’s disease, and in endocarditis after diphtheria. 
According to Haug {Deutsche med. Wochenschr., 1896), hiemorrhages in the 
ear appear as an early symptom of nephritis. 

The theory of the etiology and pathology of otitis media acuta has assumed 
a new phase through the bacteriological investigations of the last ten years. 
It is now the general opinion that this affection is due to bacterial invasion 
from the naso-pharynx, in that the micro-organisms migrate through the 
Eustachian tube into the middle ear. Prom the researches of Zaufal, Moos, 
Weichselbaum, Rohrer, ChateUier, Gradenigo, Bordoni-Uffreduzzi, Maggiora, 
Lermoyez, Leutert, Brieger, Nadoleczny, Scheibe, Lauffs, Hasslauer, Kummel, 
Siipfle, Neumann, Ruttin, and others, it was shown that this disease is of an 
infectious nature, and of micro -parasitic origin, f It must, however, be stated 


* Cp. Politzer, Adas, Plate VI., 10-12. 

t The complete literature on this subject, up till 1899, is found in Leutert, 
Arch. f. Ohrenheilkunde, vols. xlvi. and xlvii. Of the recent articles must 
be mentioned a paper by Kiimmel (Bakteriologi'e der akiiten Mittelohren- 
tz&ndung), the reports of Denker, Kobrak, Wittmaack, H. Neumann {Verb. d. 
Deutschen oto. Gesell. in Bremen, 1907), and the monograph of Gomperz (Zoc. cit.). 

23 
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that the acute inflammations of the middle ear do not owe their origin to any 
specific bacteria, as various micro-organisms can produce a similar pathological 
effect. 

The Streptococcus pyogenes has been shown to be by far the most frequent 
cause of acute middle-ear inflammation (Kiimmel, Siipfle, Neumann, and 
Ruttin); in children the Diploeoccus pneumonice (Frankel-Weichselbaum) is 
also frequently present. In addition to these bacteria, the following have been 
found in the secretion: The Staphylococcus pyogenes albus and aureus, more 
rarely the Bacillus pyocyaneus, the pneumonia bacillus (Friedlander), the 
Streptococcus niucosiis (Neumann, Ruttin), the Bacterium coli (Stern,* Gasser, 
Sie^ried Weiss), the Meningococcus iniracellularis (Weichselbaum-Jager) in 
epidemic cerebro-spinal meningitis (Frohman, Schiff, Netter), the diphtheria 
bacillus in middle-ear diphtheria (M. Wolf), the tubercle bacillus, the gono- 
coccus (Haug, Flesch, Reinhard), the typhoid bacillus in the cavum tympani 
of patients who died of typhoid fever (Freising), and the influenza, bacillus 
(Scheibe). In the middle-ear secretion, the Streptococcus pyogenes, the 
Diplocoecus.pneumonice, and the Streptococcus miicosus, appear most frequently 
in pure culture; the staphylococcus mostly as a mixed culture with the Strepto- 
coccus pyogenes (Ruttin, Neumann). Of all the bacteria, the Streptococcus 
capsulatis mucosus generally causes the most virulent forms of middle-ear 
inflammation, and is usually associated with the greatest amount of destruction. 
Its virulence is generally manifested by the rapidity and extension of the 
process, and by its early involvement of the mastoid process. 

It is not quite certain what influence the staphylococci exercise in producing 
a middle-ear inflammation. Some consider them the primary exciting cause, 
while others regard them only of secondary importance in otitis media purulenta 
(Fes, Gradenigo).t It is certain that tliey may replace the primary exciting 
bacteria in the course of a middle-ear suppuration (Gradenigo, Zaufal, Roskin). 
Lermoyez and Helme {Annul, d. mal. de Voreille, 1895) came to the conclusion 
that otitis media acuta is always of mono-bacillic origin. Secondary infection 
by the staphylococcus takes place only in the later course of the disease, by 
the entrance of these organisms per iubam, or through the external auditory 
canal. 

The views of the different authors vary as to the clinical characters of these 
various micro-organisms. According to Leutert (A.f. 0., vols. xlvi. and xlvii.), 
the middle-ear suppuration brought about by the Diploeoccus pneumoniae 
is differentiated from that due to the pure streptococcus by its rapid course, 
its frequent tendency to spread over the entire middle ear, and its frequent 
complication with mastoid and extradural abscesses. According to the author’s 
experiences, the diploeoccus often becomes manifest after a long latent period — 
in fact, when the middle-ear affection has almost healed. The Bacillus 
pyocyaneus can produce intracranial complications, as Voss proved in one 
case, by agglutination. Gradenigo agrees with Nadoleczny, that the strepto- 
coccus is the exciting cause of the severe forms of the true otitis; but according 
to Nadoleczny this bacterium may also produce the mild forms. Gradenigo 
and Zaufal think that the pneumococcus is the prevailing bacterium in 
extradural abscesses. Jacobson {Lelirb. d. Ohrenheilh., p. 182) is of the opinion 
that the different severe complications of purulent middle-ear inflammations 
may be produced by any of the micro-organisms which act as the exciting cause 
of otitis media. Coussien J considers the mono-bacterial infections as the most 
favourable, from a prognostic point of view. Poly-bacterial — that is, mixed — 
infection, is, according to him, the main cause for the long duration of the acute 
suppuration, and for the disease eventually becoming chronic. 

The invasion of the pathogenic micro-organisms into the middle ear takes 
place most frequently per tubam from a catarrh in the naso-pharynx (Rohrer, 


* Zeitschr. /. Ohren., vol. xxvi. 
t Arch. f. Ohren., vol. xxxviii. 

+ Annul, des maladies de Voreille, etc., 1902. 
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MorpJiologie der Bactermi, etc., 1889). Owing to some external harmful 
influence (catching cold), their entrance into the tympanic cavity is probably 
favoured by the destruction of the ciliated epithelium in the tube,* the cilia 
of which wave towards the naso-pharynx and ordinarily guard against infection. 
The bacteria which have entered the tympanic cavity may remain dormant 
for a long time, and may even entirely lose their vitality. If, however, some 
external, harmful influence (cold, trauma, etc.) produces a disturbance in the 
nourishment of the mucous membrane of the middle ear, its power of resistance 
to bacterial influence is thereby reduced; this affords an opportunity for the 
nourishment and development of the micro-organisms which finally bring about 
an acute, exudative inflammation of the middle ear. According to Moos, the 
indirect entrance of the bacteria into the middle ear by means of the lymphatics 
occurs in scarlet fever and in sloughing of the pharyngeal portion of the tube. 
Less common paths of invasion of the bacteria into the middle ear are: (a) En- 
trance by the blood through the walls of the vessels (hsematogenic infection), as 
occurs in endocarditis (Trautmann) and diphtheria (Moos) ; (6) entrance through 
the perforated membrana tympani (Moos, Walb) from the external auditory 
canal. 

Symptoms. — Acute purulent inflammation of the middle ear 
begins tvith piercing, tearing, boring, throbbing pains in the ear, 
'Which radiate towards the vertex, occiput, teeth and shoulder, 
and generally attain a greater severity than in the non-suppurative 
acute middle-ear inflammations. These pains are always more- 
intense in children than in adults. At times they are preceded by 
a feeling of fulness in the ear, or by severe headache. A complete 
remission is seldom observed, as they usually become more intense 
towards evening and in the night, and generally decrease towards 
morning to sucli an extent that the patient may sleep uninter- 
ruptedly for several hours. Coughing, sneezing, hawking, 
swallowing, physical exertion, and mental strain, generally cause 
a marked increase in the pains. Irritation of the conjunctiva 
of the corresponding side, oedema of the eyelid, and photophobia 
may occur; if they do, it is usually in the severe inflammations 
before perforation of the membrane has taken place. The inflam- 
mation is sometimes complicated with facial paralysis, which 
remains after the suppuration has run its course, or with a 
trigeminal neuralgia which has been brought about by a simul- 
taneous affection of the Gasserian ganglion. It is still less common 
to find it complicated with a cervico-occipital neuralgia. Occa- 
sionally painful points, especially on the vertex, are found in 
the course of the trigeminus. Paralyses of the abducens nerve 
have been reported. 

Subjective Noises. — Subjective noises are by no means a 
constant symptom. They are caused partly by an increased 
pressure and partly by a simultaneous hyperaemia in the 
labyrinth. These noises are usually of a pulsating nature, and 
are experienced as rustling, roaring, hissing, knocking, and 
hammering. This pulsation frequently corresponds, although 

* Kreidl found from experiments on frogs that the motion of the eiliated 
epithelium in the tube is from the tympanic cavity towards the pharynx. 
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not always, to a rhythmical movement visible on the membrane. 
Antophonia often occurs in this form of inflammation. 

Acute purulent middle-ear inflammation is usually asso- 
ciated with high fever, a feeling of tightness in the head, and at 
times with vertigo and mental depression; sometimes it begins 
with chills and vomiting. 

Severe head symptoms and high fever are generally observed 
in young children, especially in the otitis arising in the course 
of an infectious disease.* The symptoms are, as a rule, less 
violent in adults. Sometimes the most severe middle-ear in- 
flammations run their course without the least disturbance of the 
sensorium. At other times, however, we find a marked rise in 
temperature, an increased frequency in the pulse, and an intense 
feeling of tightness in the head; these conditions are especially 
observed in otitis media septica,f running its course with pyaemic 
symptoms. It is rare to find unconsciousness, delirium, convul- 
sions, and arhythmia; when these do occur they pass off very 
rapidly, and are generally met with in very young children, or as 
a consequence of brain congestion and meningeal irritation. 

Disturbances of Hearing, — The disturbance of bearing is often very 
slight in the beginning of the inflammation, but as exudation rapidly pro- 
gresses the deafness soon attains a liigher degree. After perforation has taken 
place, and the secretion has begun to discharge, the hearing distance generally 
increases slightly; it nevertheless varies continually in the further course of 
the affection, depending on the quantity of secretion and the increase and 
decrease of the swelling of the mucous membrane. Total deafness is observed 
only in panotitis, and in the extension of the middle-ear suppuration to the 
labyrinth. 

The perception for the watch and the acoumeter through the cranial bones 
is, as a rule, preserved; it is only in exceptional cases that it disappears 
before rupture, to return again after this has taken place. The same is true 
of Weber’s test. Only in those severe scarlatinal and diphtheritic forms of 
inflammation occurring in children does the power of perception entirely 
disappear; this is due to a disorganization of the endings of the auditory 
nerve, brought about by a simultaneous exudation, or by the immigration of 
micro-organisms; to opening of the labyrinthine capsule through caries or 
erosion of the labyrinthine -windows, and finally to syphilitic inflammations. 
Where the affection is unilateral, the tone of the tuning-fork in the Weber test 
will almost always be lateralized towards the diseased ear. Rinne’s test is 
either negative or yields no positive result. 

Course and Terminations. — The course of an acute purulent 
middle-ear inflammation depends on the cause, the intensity of 
the process, the constitution of the individual, and on the time at 
which a rational treatment is begun. In the acute forms, the 
time which elapses from the beginning of the inflammation to 
rupture of the membrane varies considerably, and depends partly 
on the power of resistance of the inflamed and softened membrane, 

* See chapter on Otitis Media Acuta in Infants and Children. 

t Compare Kiimmel, W., Vom Ohr misgehende septiscJie AUgemeininfeh- 
tionen {Miiteil. mis d. Grenz. d. Med. u. Ghir,, Jena, 1907); and Dunn, Archives 
of Otology, December, 1906. 



COURSE OF ACUTE PURULENT INFLAMMATION 357 

to the pressure of the accumulated secretion in the middle ear, 
and partly on the slow or rapid destruction of the tissue of the 
tympanic membrane itself. Perforation takes place the quickest 
in those cases of otitis due to the streptococcus. Although 
' perforation takes place in some cases within a few hours, still we 
find that it generally occurs only on the third or fourth day, 
and in protracted cases sometimes not until 2 to 3 weeks. In 
the infectious forms, especially in the otitis of scarlet fever, 
measles, and influenza, perforation usually ensues shortly after 
the beginning of the inflammation. 

When perforation takes place, it is sometimes accompanied by 
the sensation of a bursting blister; as soon as the discharge begins 
to flow freely, the pains cease immediately or within a very short 
time. Only in exceptional cases do they continue with uninter- 
rupted severity after perforation has taken place; this is probably 
due to a simultaneous inflammatory irritation of the periosteal 
layer of the mucous membrane, or to a coincident abscess forma- 
tion in the mastoid process. With the cornmencement of the 
discharge the fever, as a rule, abates, the head symptoms dis- 
appear, and the subjective noises become less. It is often found 
that the laead symptoms and tinnitus continue for a long time 
with undiminished intensity, and gradually grow less or disappear 
as the inflammatory process subsides. 

■ The secretion is usually very copious during the first few days 
after perforation of the membrane has taken place. At first it 
is of a sero-hasmorrhagic nature, but after a few days it becomes 
more opaque and purulent, owing to the admixture of many cell 
elements. A diminution in the inflammatory process “in the 
acute cases is usually observed in the second week; this is made 
evident by a gradual decrease in the exudation, which becomes 
more mucous, and by a diminution or subsidence of the pulsation 
on the membrane. As the secretion becomes less there is a cor- 
responding improvement in the hearing in consequence of the 
reduced swelling of the mucous membrane of the middle ear. 
The secretion, in the last stage of the process, is often diaphanous 
and mucous in nature. After the discharge has continued for some 
time it finally ceases, and the perforation, as a rule, closes by 
newly-formed tissue. Cicatrization takes place either gradually, 
or so rapidly that the orifice is overgrown- in one night, in spite 
of the fact that on the j)revious day the discharge was rather 
copious, and the air was heard to rush through -the perforation 
with a loud rattling noise during Valsalva’s method. ’ * 

After closure of the perforation, the membrane appears grayish- 
red, dull, and only the short process is distinctly visible. The 
place of rupture is indicated by a yellowish-gray, somewhat 
retracted cicatrix, towards which several small vascular twigs 
sometimes radiate from the periphery of the membrane (Ifig. 162) ; 
frequently, however, the cicatrized part can no longer be dis- 
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tinguished. During the further course of the disease, the dif- 
fuse redness disappears, radiating vessels become apparent, the 
malleus becomes visible, and finally the hypersemia disappears 
entirely; the lustre and transparency of the membrane return so 
completely that often no trace of the former inflammatory process 
is discernible. In cases in which the perforation is situated at the 
apex of a nipple-like elevation, a slight prominence often remains 
on the membrane a long time after the perforation has closured. 
It is unusual, in the acute forms, for the orifice in the membrane 
to remain patent after cessation of the suppuration. Opacities, 
chalk deposits, cicatrices, and partial atrophies, which often 
remain in the membrane, are usually not associated with a dis- 
turbance of hearing. As a rule the hearing returns only several 



Fig. 160. — Pebfoeation, the Size 
OF A Poppy- Seed, behind the 
Umbo, in the Fourth Week of 
THE Disease. From a Man, 65 
Years of Age. 

Perforation occurred on the third day. 
Acoumeter=2 cm.; speech J m. 



Fig. 161. — Condition of the Mem- 
brane AS in Fig. 160 at the End 
OF THE Sixth Week. 

The otorrhoea had ceased for fourteen 
days. The perforation is closed by a 
yellowish -gray, somewhat depressed 
cicatrix, to which several small vas- 
cular twigs extend from the periphery 
of the membrane. Hearing distance 
for acoumeter=10 cm.; for speech 
= 3 m. 


weeks after closure of the perforation, even if the disease has 
run a normal course; this is always more rapid in summer than 
in winter. 

The duration of the suppuration until closure of the perfora-' 
tion varies in the acute forms from 10 to 20 days. Cases are 
occasionally met with in which the discharge ceases even after 
2 to 8 days, while in others it continues for several weeks or 
months. 

Acute, middle-ear suppurations arising in the course of scarlet 
and typhoid fevers, during a severe pueriieral state, in influenza, 
diabetes and erysipelas, in lymphatic, tubercular, and cachectic 
individuals, when complicated with otitis externa, and in inflam- 
mation^^and abscess formation in the mastoid process, often take 
an irregular, protracted course. Those cases also run a protracted 
course in which the perforation is situated at the apex of a nipple- 
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like elevation of the membrane (Pig. 1 60 ) ; in which granulations 
form on the drum membrane and at the borders of the perforation, 
or on the mucous Inembrane of the tympanic cavity; and in 
which there is a prolapse of the mucous membrane of the middle 
ear through the perforation opening. 

The irregular course of the affection is characterized by fre- 
quently recurring attacks of pain, by remissions in the tempera- 
ture, and by an increase in the secretion, which had already 
become less. The symptoms of exacerbation become more promi- 
nent when there is a simultaneous inflammation of the mastoid 
process, or when an early closure of the perforation takes place. 
In the latter case, the recurring and often violent pains disappear 
only when the opening in the drum is re-established by paracen- 
tesis, or when the adherent margins of the wound are forced apart 
by the accumulated secretion in the middle ear. Meningeal 
irritation, pysemie fever, delirium, convulsions, and paralysis 
are occasionally observed in the severe forms of this middle-ear 
affection. 

Terminations. — The terminations of acute, purulent, middle- 
ear inflammation are: (1) Cure, with complete restoration of the 
hearing function; this usually takes place within 3-4 weeks, but 
not infrequently only after several months. (2) Transition of the 
purulent inflammation into a sero-mucous catarrh after cicatriza- 
tion of the perforation. (8) More or less disturbance of hearing 
after closure of the perforation, owing to connective-tissue adhe- 
sions in the tympanic cavity. This termination is most frequently 
noticed in lymphatic, cachectic, or syphilitic persons, or in 
individuals having a chronic naso-pharyiigeal catarrh or ozsena. 
(4) Permanent disturbances of hearing in consequence of extensive 
loss of substance in the membrane, with or without caries or 
exfoliation of the ossicles, or in consequence of a consecutive 
exudation in the labyrinth, or a panotitis which often completely 
destroys the endings of the acoustic nerve. These sequelse occur 
most often in the scarlatinal and scarlatinal- diphtheritic sup- 
purations of the middle ear. (5) Inflammation of the mastoid 
cells (see Diseases of the Mastoid Process). (6) Caries and 
necrosis of the tympanic walls and ossicles, with exfoliation of the 
same. This outcome is most often observed in the otitis of 
scarlatinal diphtheria, more rarely in that of measles, typhoid 
fever, and tuberculosis. (7) Suppuration of the labyrinth in 
consequence of perforation of the labyrinthine windows. (8) In 
death with an intact or perforated membrane. Death occurs 
either from meningitis, extradural abscess, brain abscess, sinus 
thrornbosis, or general sepsis, and finally from erosion of the 
carotid.* (9) In chronic middle-ear suppuration, which will be 
discussed in the following chapter. 

Diagnosis. — The differential diagnosis between otitis media 

* See chapter on Intracranial Diseases of Otitic Origin. 
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acuta and otitis media perforativa is very difficult in the first 
stage of the process. This is due to the fact that the inflamma- 
tion sometimes . subsides without perforation, even when the 
symptoms are very severe, while, on the other hand, perforation 
may take place when the objective and subjective phenomena 
are very slight. We may assume with great probability that 
perforation of the membrane is about to take place in those 
cases in which there is marked projection of the membrane and 
yellowish-green pus can be seen shining through, or in which 
the bulging has pointed in the form of a pustule. 

After perforation has taken place the diagnosis of acute 
middle-ear suppuration may be established: (1) By ocular inspec- 
tion, when one either sees the perforation at once or only after air 
has been driven through the tympanic cavity. (2) By the gradual 
or rapid appearance of a drop of pus on the membrane at the 
place of perforation. In most cases, the pus may be made to 
appear by rarefaction of the air in the external auditory canal by 
means of the pneumatic speculum. (3) By auscultation, where- 
by the hissing and rattling of the air can be heard as it passes 
through the perforation during Politzerization. This procedure 
is of value especially in those cases in which the perforation is 
masked by the bulging of the anterior inferior wall of the meatus, 
or in which the membrane cannot be seen on account of the profuse 
purulent discharge. In those rare cases in which the canal 
of the perforation passes through the layers of the membrane 
in an oblique direction, the air can be forced through the per- 
foration more easily when applying low pressure. (4) By con- 
densation of' the air in the external auditory canal, whereby the 
air escaping through the Eustachian tube into the pharynx can 
be heard by means of the auscultation tube, the one end of which 
is inserted into the nostril of the patient, the other into the ear 
of the physician {vide p. 137). This method is especially applic- 
able when inspection of the membrane and auscultation of the 
external auditory canal give no results. 

Prognosis. — The prognosis of acute' purulent inflammation 
of the middle ear is on the whole favourable, particularly if the 
disease appears in strong, healthy individuals. The following 
' may be regarded as favourable prognostic symptoms: Perfora- 
tion in the first few days of the disease, rapid subsidence of the 
pains, absence of inflammatory changes in the mastoid, the 
early decrease in the secretion, and, finally, the steady increase 
in the hearing distance while the discharge is still going on. 
The prognosis is unfavourable when these acute symptoms con- 
tinue unabated and when they arise particularly in lymphatic, 
tubercular, and syphilitic individuals, in diabetics, in cachectic, 
wasted individuals, in disturbances of the sexual organs, and in 
old patients; furthermore, in middle-ear suppurations which 
develop in the course of scarlet fever, scarlatinal diphtheria. 
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typhoid fever and measles, and in chronic empyema of the acces- 
sory sinuses of the nose. Complete cure is seldom attained in all 
these cases, as it is just these causes which favour the transition 
of an acute into a chronic suppuration of the middle ear. 

Symptoms which render the prognosis unfavourable during 
the course of the disease are: The continuance and frequent 
recurrence of the pains ; the continuance of high temperature, and 
the undiminished discharge of secretion after the disease has 
lasted several weeks, which points to the development of a mastoid 
involvement; further, uninterrupted subjective noises, the rapid 
destruction of the drum membrane, the spee'dy enlargement of the 
perforation, the growth of granulations on the membrane and in 
the tympanic cavity, the exfoliation of one or more of the ossicles, 
the appearance of swelling in the osseous meatus, painful swelling 
on the mastoid, marked infiltration and suppuration of the glands 
in the lateral region of the neck, and the involvement of the facial 
nerve. It is extremely rare to observe a cure in cases complicated 
with pyaemia and metastases, and with symptoms of meningitis, 
brain abscess, pareses, and paralyses. 

Bacteriological investigations made in the last few years have 
yielded some valuable points in determining the prognosis, as a 
great deal depends on the character and kind of bacteria found in 
the smear. 

The cases of otitis due to the diplococcus, the pneumococcus, 
and the Streptococcus mucosus have, as a rule, a tendency to heal 
rapidly in the tympanic cavity, but, during a subsequent latent 
stage, to extend to the neighbouring parts (mastoid process, 
sinuses, cranial fossee, etc.), and there to become acute again. 

The -virulent cases of otitis due to the streptococcus lead, 
especially under favourable anatomical conditions, more quickly 
to intracranial complications. The mixed infections have a 
tendency towards becoming chronic, according to Leutert, 
especially when the Staphylococcus pyogeucs is one of the micro- 
organisms found in the secretion. 

Acute Inflammation of the External Attic of the Tympanic 

Cavity. 

Clinical observations have clearly demonstrated that circum- 
scribed acute inflammations can be limited to the upper tympanic 
space, and especially to that part (p. 31) known as the external 
attic. The exudate is discharged partly into Prussak’s space 
(Pig. 162, e") and partly into the spaces (Fig. 162, e, e’) formed by 
the folds of mucous membrane between the malleo-incudal body 
and the external tympanic wall. The accompanying figure, 
taken from a specimen of a diffuse acute inflammation of the 
tympanic cavity, presents a clear anatomical picture of an exuda- 
tion into the external attic. Sometimes the inflammation extends 
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to the neighbouring posterior pouch of the membrane, in which 
case the posterior superior quadrant also becomes swollen and 
bulged. 

Etiology. — An isolated, acute exudation into the external attic 
may be produced by the same causes as an acute otitis media. 
The author has observed it most frequently during acute naso- 
pharyngeal catarrhs and in the acute exanthemata. 

Knapp, who saw its occurrence after sea-baths, states that 
infection may also take place from the external auditory canal; 
this view is also corroborated by Walb. According to the author’s 

observations, however, infection takes 
place in the majority of eases through 
the Eustachian tube. 

Conditions of the Membrana Tym- 
pani. — These vary according to the 
intensity of the inflammatory process. 
In the milder forms, the superior pole 
of the membrane, the region of the 
short process of the malleus, and the 
bordering part of the upper w^all of 
the meatus are intensely reddened and 
slightly swollen, while the inferior part 
of the membrane presents an almost 
normal appearance. When the in- 
flammation is rather severe the 
membrana flaccida is bulged, either 
in the form of a reddened or pearl 
gray bulla or as a sac hanging from 
the superior part of the membrane to 
a point below the umbo (Fig. 163), 
w^hich rapidly subsides without rup- 
ture, or after perforation with the 
discharge of pus (Fig. 164). Various 
authorities deny the formation of an 
acute abscess in Prussak’s space; 
n'evertheless, the author has had the 
opportunity of observing such an 
abscess in several cases. It appears 
as a round, yellowish-green bulla the size of a millet-seed, which 
discharges a small drop of purulent secretion after paracentesis’ 
(Fig. 165).* 

Symptoms, Course, and Terminations. — The symptoms of 
acute inflammation of the external attic vary according to the 
intensity of the process. The milder forms are associated with 
moderate pain, slight subjective noises, and often with a marked 
feeling of pressure and fulness in the ear. The decrease in the 
hearing is generally slight even in the severe forms. The author 
* Cp. Politzer, Atlas, Plate V., 12, 13, 28. 



Fig. 162. — Frontal Section 

THROUGH THE HAMMER AND 

External Attic of the 
Left Ear, in a Woman, 
AGED 91, vmo HAD PURU- 
LENT Middle-Ear Inflam- 
mation DURING THE LaST 
Days op her Life. 

h, Hammer; o, External attic; 
p. Processus brevis mallei; vi. 
Manubrium mallei; s, Mem- 
brana Shrapnelli; e, e', 
Plaques of exudate in the 
external attic; e". Exudate 
in Prussak’s space. (Prom 
a specimen in the author’s 
collection.) 
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has even seen those inflammations running their course with the 
formation of bullte on Shrapnell’s membrane subside within 
a few days with complete cure. Cases in which tumour-like 
inojections develop on Shrapnell’s membrane, and in which 
abscess formation occurs in Prussak’s space, run their course 
with severe reactive phenomena; under these conditions the 
course is much more sluggish, but even here complete recovery 
usually takes place within a short time. In rare cases, a disturb- 
ance of hearing remains owing to the formation of adhesions 
between the malleo-incudal body and the external wall of the 
tympanic cavity. The transition of acute inflammations of 
the external attic into the chronic forms with perforation of 
Shrapnell’s membrane is occasionally observed. 



Fig. 163. — A Reddish-Yellow Sac 
OE Exudation hanging from the 
Upper Part of the Membrana 
Tympani and covering the 
Hammer. 

Condition on the eighth day of the dis- 
ease in a man, aged 18 years, with the 
symptoms of an acute otitis media. 
Otorrhoea began on the ninth day. 
Acoumeter = 18 cm . ; whispering = 
4 m. 



Fig. 164. — Condition of the Mbm- 
brana Tyaipani in the Same Indi- 
vidual ON the Seventeenth Day 
OF the Disease. 

Otorrhoea stopped after the sixth day. 
The sac of exudation has mostly dis- 
appeared. The handle of the malleus 
is partially visible. Acoumeter = 
m. ; whispering =nearly normal. 


Diagnosis. — The diagnosis is based principally on the con- 
dition of the membrane, on the slight disturbance in hearing as 
compared with the suppurative middle-ear process, and on the 
rapidity with which the disease runs its course. 

Treatment. — The treatment of this form of middle-ear inflam- 
mation is merely palliative, to relieve the slight pain and congestion 
of the surrounding tissue. This is most readily accomplished 
hy the instillation of warm drops of hydrogen peroxide or carbo- 
glycerine, or hot wet dressings of Burow’s solution. If a small 
quantity of pus should collect, incision may be necessary. When 
the acute stage is passed, and there is a mild degree of deafness 
owing to consecutive swelling of the mucous membrane in the 
tympanic cavity and Eustachian tube, inflations of air may be 
resorted to in order to re-establish the normal function. When, 
however, there is a perforation of the membrana flaccida with a 
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slight discharge of pus, the secretion may be aspirated from the 
attic by gentle rarefaction of the air in the external meatus; the 
secretion is then removed with sterilized cotton tampons, and 
weak solutions of hydrogen peroxide are introduced into the 
external auditory canal. 

Treatment of Acute Suppurative Inflammation of the Middle 
Ear. — At the beginning of this disease, and before perforation of 
the membrana tympani has taken place, the treatment is similar 
to that employed in otitis media acuta. In order, therefore, to 
avoid repetition, the reader is referred to p. 347. 

If the membrane is strongly bulged and displays a yellow colour 
at a localized spot before perforation has taken place, or if the 



Fig. 165 . — Formation of 
AN Abscess in Peussak’s 
Space, with bulging of 
THE MeMBEANA ShRAP- 
nelli, in a Man aged 49 , 
ON THE Fifth Day of 
THE Disease. 

Paracentesis; healing after 
a short time. 


affection is accompanied by severe pain 
and fever — in short, by all the pheno- 
mena which indicate a retention of pus 
i in the tympanic cavity — ^paracentesis 
should be performed as early as possible 
• at the most prominent point, in order to 
, establish free drainage. By this pro- 
' cedure we not only rapidly alleviate the 
severe pain, but also remove the danger 
■ of the inflammation extending to the 
mastoid region and cranial cavity. 
When there are symptoms of irritation 
in the mastoid, even if the membrane 
is not markedly bulged, and there is 
no increase in the temperature, early 
paracentesis not infrequently prevents 
the formation of a mastoid abscess. It 


is also indicated when the pains continue 
with un diminished severity, robbing the patient of sleep, when 
they are refractory to all local and internal medication, or when 
symptoms of meningeal irritation develop. It must finally be 
resorted to if the perforation has closed too soon and there are 
severe pains and symptoms of pus retention. For the Technic of 
Paracentesis and Antesthetizing the Drum Membrane, see p. 287. 

In performing paracentesis, special care must be- taken that 
all the layers of the intensely thickened membrane are severed, 
and that the incision is made sufficiently large. An abundant 
discharge of sero-lnemorrhagic or purulent secretion soon follows. 
In cases in which, after paracentesis or after spontaneous rupture 
of the drum, the pain continues, relief is often obtained by first 
removing the secretion with cotton tampons, and then instilling 
10-15 drops of a warm solution of boracic acid 0-5, muriate of 
cocaine 1-0, and distilled water 20'0, 3-4 times a day. Pieces of 
cotton soaked in a dilute cocaine-Burow’s solution (arg. acet, 
Burowii 3-0, aqua dest. s. 30-0, cocain. mur. 0-6), and introduced 
into the meatus, sometimes prove beneficial. Besides these, hot 
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fomentations and eventually cold applications, with the internal 
administration of sedatives or narcotics, may be used. When 
the secretion tends to stagnate owing to insufficient drainage 
due to a too small opening in the drum, it must be enlarged. 
If an inflation is now given, it will be seen that the air and 
secretion pass freely through the opening which was previously 
occluded. 

In regard to the much-discussed question whether, in acute middle-ear 
suppurations, the secretion should be removed from the meatus by irrigations 
or by the dry treatment (with dry tampons, drainage), the author would like 
to state that both methods are of therapeutic value. Irrigations with a warm 
antiseptic solution or a sterile saline solution are less irritating than wiping 
out the meatus with tampons.. In cases of acute middle-ear suppurations 
when there is a scanty secretion, the author prefers, in the begiiming, the dry 
drainage treatment. In cases of otitis with profuse discharge, and in those 
due to scarlatinal diphtheria and measles, only irrigations should be used. 
These cannot be .dispensed with where, owing to a profuse secretion, it is 
necessary to clean the ear several times a day. 

The number of irrigations with a sterile saline solution, a mild antiseptic 
solution, or with a weak solution of boracic acid (27° to 28° R. = 92° to 95° IT.), 
depends on the amount of the discharge. After irrigation a cotton tampon is 
introduced into the meatus in order to protect the skin against the irritating 
discharge. 

The dry treatment is carried out as follows: After removing the secretion 
with tampons, sterilized strips of gauze or pledgets of cotton dipped into 
powdered boracic acid are inserted into the meatus, and allowed to remain there 
until they have become soaked with the secretion, whereupon fresh cotton is 
introduced. 

In order to thoroughly remove the secretion from the middle 
ear, it must be forced into the external auditory canal by a current 
of air passing though the Eustachian tube. For this purpose 
inflations by the author’s method during an act of swallowing or 
during a forcible inspiration are of the greatest service in the 
majority of cases, for reasons previously stated (p. 130). The 
therapeutic effect of Politzerization is greater than that obtained 
by catheterization, which should be employed only in those cases 
in which there is marked resistance in the tube, as experience has 
shown that the swelling and secretion in the middle ear -are 
increased by the repeated application of the catheter. The use of 
catheterization in cases in which air passes into the middle ear 
by Politzerization is absolutely contra-indicated. As a rule, 
the air-douche is begun on the third to the fifth day after the 
discharge has made its appearance; at first weak pressure 
should be used, and increased as the secretion and inflammatory 
process gradually diminish. In the majority of cases, a striking 
improvement in the hearing and a subjective feeling of relief are 
obtained with the air-douche. When there is a coincident naso- 
pharyngeal catarrh, and an accumulation of secretion in the naso- 
pharynx, it is advisable, before giving the air- douche, to clean 
the post-nasal space with an antiseptic spray. 
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By means of this simple method of treatment we are vei 7 
often able, in the acute forms, to bring about a complete cure 
within a few days. Where, in spite of the cessation of inflam- 
matory reactive symptoms, no decrease in the secretion is noticed, 
treatment with medicaments is indicated. ' 

Although the advances made in the treatment of affections of the ear are 
very encouraging, still opinions vary -as to the treatment of otitis media 
suppurativa acuta. While some consider local treatment begun as early as 
possible as the best method of procedure in order to avoid dangerous com- 
plications and destructive changes in the ear, others regard the air-douche, 
syringing of the ear, and medicinal treatment as most detrimental measures, 
and condemn aU local treatment in acute middle-ear suppuration. The good 
results obtained by most otologists with this form of treatment demonstrates" 
clearly its value, inasmuch as, by the mechanical removal of the stagnant 
secretion from the middle ear and by a suitable antiseptic treatment, the 
duration of the disease is not only shortened, but serious complications are 
prevented in the majority of cases. 

Boracic acid when used alone or in combination with peroxide 
of hydrogen, has proved the most serviceable medicament in 
acute suppurative inflammations of the middle ear. It has 
an advantage over the astringents, in that it decidedly shortens 
the time of treatment. It diminishes the amount of secretion 
by its antiseptic properties without causing any irritation to the 
diseased tissue. 

Before beginning the treatment with boracic acid, one may 
use with advantage, hydrogen peroxide for several days after 
perforation of the membrane has taken place and after cessation 
of the pains. Having forced the secretion into the external 
meatus by means of an inflation of air, it is syringed out or 
removed with cotton plugs ; the canal is then filled with a warmed 
solution of peroxide and allowed to remain ten minutes. The 
effect of this treatment is often astonishing, as the secretion 
ceases within 3 to 4 days and the perforation closes. 

When the discharge does not become less after using the 
hydrogen peroxide for several days, the author begins treatment 
with boracic acid. Having given an air-douche and having 
syringed or dried out the meatus, the external auditory canal is 
filled with a solution of peroxide, and with the head of the patient 
bent to the opposite side, an inflation of air is again given accord- 
ing to the author’s method. After this, the auditory canal is 
again dried out, and a small quantity of boracic acid is insufflated 
with a suitable powder-bloAver into the meatus, so that the 
membrana tympani is covered over with a thin layer of powder. 
Where the secretion is thick, this method of treatment may be 
detrimental, as it may cause a clogging of the orifice in the 
drum, and a subsequent retention. When this is the case we 
must dispense with the insufflation of powder for a few days 
until a free discharge has been re-established.' 

The external meatus is then closed with cotton, and the powder 
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is allowed to remain in the ear until the following day. If the 
powder is moistened through, peroxide is again instilled and 
boracio acid insufflated.. In mild cases, the use of boracic aciS 
alone is sufficient. This treatment is continued until the powder 
remains entirely dry for twenty-four hours. In such cases it 
may be assumed that the suppuration has ceased. Astringents 
are to be used only in those cases in which the treatment with 
peroxide and boracic acid fails (zinci sulph. 0-2 : 20-0, plumb, 
acet. 0-1 :20-0; 15-20 drops to be instilled twice a day, and 
allowed to remain for a quarter of an hour). In recent years good 
results have been obtained with the suction apparatus, in that 
the purulent secretion is aspirated from the middle ear. By this 
means the pus is not only drawn from the middle ear, hut also 
from antrum and cells in the mastoid region. Some authors claim 
that this method of treatment tends to cleanse the tympanic 
cavity more thoroughly, and thereby hasten the process of healing. 
In addition to the drugs already mentioned, several newer pre- 
parations, such as neutral acriflavum, in solutions of 1-500 to 
1-10,000, and mercuro-chrome in 1 to 3 per cent, solutions, 
have been lately used. Some men have claimed to have obtained 
good results, while others have seen no advantage in their use. 
Aniline dyes, such as gentian violet, in various strengths have 
not proved very satisfactory. The various silver preparations, 
as silver nitrate, neosilvol, argyrol, etc., are sometimes very 
beneficial. 

The injections of warm sterilized water or a weak (1 per cent.) 
solution of boracic acid into the middle ear through the catheter 
is a method of treatment which has given excellent results in 
obstinate acute suppurations of the middle ear {vide p. 123) 
which have lasted weeks or months. This method, which was 
recommended by Saissy, and later by Millingen and Gordon, is 
of great service in those cases in which there is a copious dis- 
charge from the middle' ear accompanied with a perforation of 
the membrane, where, in other words, it may be assumed that 
the canal of the Eustachian tube is markedly affected at the same 
time. It is also of value in those obstinate forms in which the 
perforation is situated on a nipple- like elevation of the membrane. 
The effect of this mode of treatment is often surprising, as some- 
times, immediately after the injection, there is a subjective 
feeling of easiness and a marked diminution of the suppuration 
within a few days. In cases in which, after the injection, the 
patient complains of pain, the treatment should be discontinued. 
Where the perforation in the membrane is too small, we must 
enlarge it before syringing through the tympanic cavity per 
tubam. By enlarging the aperture the unpleasant incidents 
(increase of the pain, dizziness) are avoided. The use of Bier’s 
hypersemic treatment in acute middle-ear suppurations will be 
referred to in the chapter on Acute Mastoiditis. 
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Granulations which develop on the margins of the perforation 
and on the mucous membrane of the middle ear , during the 
course of acute middle-ear suppurations, and which do not dis- 
appear under the boracic acid treatment, can either be removed 
with a snare (having previously 'applied either a 5-10 per cent, 
cocaine solution, or powdered cocaine by means of a moistened 
probe dipped into the drug), or destroyed by the repeated applica- 
tion of liquor ferri sesquichlorati or a 10 per cent, trichloracetic 
acid solution. After the acute symptoms have disappeared, the 
granulations may be made to shrink by instillations of alcohol 
in progressive strengths up to the concentrated solution. Per- 
forations at the apex of nipple-shaped elevations may also be 
made to close rapidly by the application of trichloracetic 
acid. 

The painful inflammations of the mastoid process which arise 
during the course of acute middle-ear suppurations, and the 
symptoms of an intracranial complication, especially the occur- 
rence of certain changes in the fundus of the eye, deserve special 
consideration. 

After the perforation has closed and the discharge has ceased, 
all local treatment can be suspended. We now limit ourselves 
to the use of the air- douche by the author’s method to overcome 
the disturbance of hearing. These inflations are given daily in 
the beginning of treatment, later every other day, and if the 
hearing steadily improves only once or twice a week until 
the tests show a complete return to the normal. Some cases 
of disturbance of hearing which cannot be relieved by treatment 
disappear after a change of climate, or after a sojourn of 
several weeks in a mountainous region. 

Owing to the predisposition towards relapses, it is recom- 
mended, by way of prophylaxis, that, after an acute middle- 
ear suppuration has run its course, the external meatus be 
protected with cotton against cold and windy weather, and the 
use of vapour-baths, head-douches, as well as ducking one’s 
head under water when taking a bath, must be prohibited. The 
treatment of naso-pharyngeal affections accompanying acute 
middle-ear suppurations require special attention, as they have 
an important bearing on the course of the middle-ear condition. 
The peculiarities of purulent middle-ear inflammations arising 
in the course of infectious diseases will be discussed in another 
chapter. 


Otitis IVIedia Acuta in Infants and Children. 

The frequent occurrence of middle-ear inflammations in infants 
and young children has greatly aroused the interest of the 
otologist and the pediatrist. The numerous conditions found 
by anatomical investigations in addition to the clinical observa- 
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tions and publications of v. Trbltsch,* Wreden,f Wendtf and 
Kutscharsianz,§ Ponfick [Berl. hlin. WochenscJir., 1897), Aschoff 
(Zeiischrift Jur Olirenheilkunde, 1897), Gompei'z,|| Heerman 
[Bresgeii scliG Samvilung, 1898), Kossel (Chai'itc-Annalen, 1893), 
Goppert (Jahrbucli fur Kinderheilhunda, N.P., vol. xlv.,) Easch 
{ibid., vol. xxxvii.), Hartmann (Verliandlungen d. deutschcn. 
otologisclmi Gesellscliaft, 1895, and the Moscow Congress, 1897), 
Siegfried Weiss^ and Preysing,** and many others, have materially 
assisted in clearing up the views regarding this form of aural 
disease occurring in the early years of childhood. The author’s 
investigations on a large number of cases which died in the 
Caroline Children’s Hospital, of Vienna, together with the clinical 
histories, demonstrated the following pathological conditions ;tt 

Pathological Changes. — These vary according to the intensity of the 
inflammation, and one therefore -finds numerous grades, ranging from simple 
catarrh to the se-vere ceU-infiltration in the purulent forms. 

In nearly all the cases, a cloudy serous exudate, or a gelatinous, sticky 
mass infiltrated -with pus-ceUs, is found in the middle ear; a true purulent 
exudate is seldom seen. The raucous membrane is either partly or entirely 
swollen, (Edematous, uneven and glandular. 

The microscopic examination of the mucous membrane (Fig. 166) shov/s 
large and small hemispherical tuft-like elevations, upon -which the epithelium 
IS preserved in parts. Those parts of the mucosa corresponding to the 
embryonic mucous membrane cushion are greatly thickened; the upper 
vascular layers are infiltrated with numerous mononuclear and polynuclear 
leucocytes. Tliis cell-infiltration diminishes to such an extent in the deeper 
layers of the mucous membrane that the structures lying in contact with 
the bone appear almost normal (Siegfried Weiss). This layer of mucous 
membrane, which is free from infiltration, presents a structure, as Siegfried 
Weiss shows, similar to that of the embryonic mucous membrane. The 
bone itseu shows no -changes, with the exception of an accumulation of round 
cells in the marrow spaces of the spongy tissue. Bacteriological examination 
secretion, of the superficial layers of the mucous membrane, and of 
ne. bloodvessels (Weiss), shows the same micro-organisms as those found in 
otitis media acuta (Kossel, Weiss, Preysing). 

^be pneumococci which have been found to be the cause 
o otitis media neonatorum, less often the streptococci; in primary and 
secondary tubercular inflammations, the tubercle bacillus. Flesch has shown 
lat the middle ear becomes infected -with gonococci during parturition, 
ccording to Gtimperz, the endemic form of grippe, which is not caused by 
^ acmi, can be differentiated from pandemic influenza only by bacteriological 


Etiology and Occurence. — Exudations in the middle ear of 
miants and young children are mainly observed in pronounced 

Verliandlungen d. Phys. med. GeseU. in Wurzburg, vol. ix., 1859. 

1 fiir OhrenJieilkunde, 1868. 

SI "J , Heilkunde, vol. xiv., 1873. 

dirchiv fur OhrenJieilkunde, vol. x., 1876. 

'L Olirenheilkunde, 1897. 

-1X7^ s zur patlidog. Anatomic, etc., vol. xxvii., 1900. 
tt 1904, Bergmaim. 

^ if fiber, anatom. Verander. in Geliororgane bei Otitis med. in 
i\.inaesalter. Hauptversamml. der osterr. do. GeseU., June, 1900. 
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cachexia, in broncho-pneumonia, bronchitis, -chronic intestinal 
catarrhs, and in the course of acute and chronic infectious diseases. 
Their frequent occurrence in measles has been shown by the post- 
viortem examinations of Tobirtz,* * * § Kudolphi,f and Bezold.J Weiss 
found changes on the drum membrane in more than half of the 
children affected with measles; 'these changes were characterized 
by hypei’Eemia, cloudiness, and bulging of the central part of the 


a 



Fig. 166. — ^Fkontal Section through the Tysipanic Cavity of a Child 

WHO died of Measles. 

o, Superior; «, Inferior wall of the tympanic cavity; t, Membrana tympani ivith 
section of handle of malleus; n. Recess of fenestra vestibuli; pr, Promontory; 
c. Cochlea;/, Racial nerve; s/,Baseof stapes; p, Inflammatoi'y infiltrated mucous 
membrane of the attic, adherent to the inner wall; p'. Inflamed -and swofien 
mucous membrane of the promontory; e, e', Ejmdate in the tympanic cavity. 
(From a specimen in the author's collection.) 

membrane, which undoubtedly pointed to an exudative process in 
the middle ear, often running its course without symptoms. In 
an epidemic of measles, Nadoleczny§ found that nearly all the 
children who were attacked during the first few years of life 

* Archiv fur Kinderkr., 1887, vol. viii. 

t Zeitschrift fiir Olirenheilh., vol. xxviii., 3. 

j Munchener med. Woclienschrift, vols. x. and xi., 1896. 

§ Jahr. fiir Kinderheilk., vol. lx., No. 12. 
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were affected with an otitis media. Gomperz maintains that 
grippe is the most frequent cause of otitis in infants. After 
this, the next most frequent form of otitis is that occurring in 
measles and whooping-cough; it is less often met with in diph- 
theria and chicken-pox, and very seldom after scarlet fever, 
owing to the fact that this disease occurs rarely in young infants. 
That in infants infection may also take place from the external 
meatus has been confirmed by the observations of Pins,* 
who noticed that otitis media acuta was brought about by 
the entrance of water into the external auditory canal while 
bathing the children. According to Pins, attacks of coughing 
and vomiting during whooping-cough must also be looked upon 
as frequent causes of otitis in children, inasmuch as during a 
marked act of expiration mucus is forced into the middle ear. 
The embryonic character of the mucosa, which still exists during 
the first years of life, may be regarded as a predisposing cause 
for the frequent diseased condition of the mucous membrane of 
the middle ear in infants (Siegfried Weiss). 

While Aschoff considers the otitis of the new-born as a ‘foreign body 
otitis,’ brought about by the entrance of liquor amnii and mucus into the 
tympanic cavity during parturition — ^^vhich, according to the investigations 
of Gomperz, is limited to the first two weeks of life — Heerman is of opinion 
that otitis media occurring during the first years of life, and designated by 
him as ‘ concomitant otitis,’ must be sharply defined from the primary form, 
and that it is a sequela to a general disturbance in nutrition and loss of weight. 
According to this author, the concomitant otitis media rarely leads to spon- 
taneous perforation of the membrane, Avhile the primary form almost always 
does so. The two forms cannot, however, be easily differentiated, as they may 
have the same terminations and complications (empyema of the antrum, 
meningitis, pyaemia). 

In the later period of childhood naso-pharyngeal catarrhs, 
combined with hypertrophied tonsils and adenoid vegetations, 
give rise to the catarrhs and acute inflammations of the middle 
ear (Beckman, Vcrli. d. deutsch. otolog. Gesellsch., 1895; J. Poliak, 
Wien. mcd. Presse, 1902). 

The otitis media of infants is, in the majority of cases, pro- 
duced by the invasion of the micro-organisms jicr tubavi (Weich- 
selbaum); it is seldom occasioned by infection through the 
blood-channels, and when this is the case it is most frequently 
observed in tubercular infection. Its frequent occurrence with 
naso-pharyngeal catarrhs, adenoid vegetations, pneumonia, and 
bronchitis may bo attributed to the fact that the middle ear of 
children lies in closer relation to the naso-pharynx than in adults, 
on account of the shortness and width of the Eustachian tube. 
It is quite evident, therefore, that a catarrh of the respiratory 
tract may more easily affect the middle ear of children than that 
of adults. 


* JaJirb.J. Kmderheilk., vol. xsvi. 
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Kutsoharsianz examined the ears of 230 children, between the ages of 
several days and seven months, and found that the membrana tympani was 
normal in only thirty cases. Fifty showed signs of catarrh and 150 of a 
purulent inflammation. The same is true of the reports of Schwartze, who 
foimd secretion twice in the middle ear of five deceased new-born infants, 
and of V. Troltsch, who discovered a similar condition in 62 per cent, of 
children in the first months of life. According to Hochsinger (Avho observed 
that the severe forms of middle-ear inflammations run their course with 
perforation of the drum membrane much oftener in infants), coryza syphilitica 
neonatorum leads less often to a perforative middle-ear inflammation than 
the coryza due to grippe; this may be explained by the fact that the hered- 
itary syphilitic rhinitis of infants principally affects the anterior portion of 
the nose. 

The investigations of E. Weil on the ears of 6,905 school-cliildren showed 
that the frequency of middle-ear affections decreased steadily with the 
advancing age of children, but as they grow older they are still more prone 
to this affection than adults. He found aural affections or their sequelfB in 
the following proportions; In children 7 years of age, 23-6 per cent.; of 8 years, 
23 per cent.; of 9 years, 23'3 per cent.; of 10 years, 17 per cent.; of 11-13 years, 
20 per cent. ; at the age of 14, only 11 per cent. ; and from here to the 18th year, 
only 2-7 per cent. 

Symptoms, Course, and Terminations. — The observations 
of Goppert, Heerman, Siegfried Weiss, and' others, show that 
otitis media infantum very often runs its course without any 
apparent symptoms; this applies to a large number of children 
affected with catarrhs, to ill-nourished children, to those haying 
a muco-purulent nasal discharge, and even to the infectious 
diseases. In such cases, the only aids in establishing a positive 
diagnosis are the conditions found on the membrane, such as 
hypersemia at the handle of the malleus and at the periphery, 
radiating injection of the vessels, cloudiness and yellow discolor- 
ation, and finally bulging of its central portion. If examination 
of the infant is done in a perfunctory way, and the ears are not 
examined in every case, these changes may be easily overlooked. 
Such children are irritable, display a poor appetite, are restless 
and sensitive to pain when the region around the ear is touched, 
to which they often place their hands ; the temperature may be 
only slightly increased and the peri-auricular lymph-glands may 
be swollen. Ponfick observed gastro-intestinal disturbances 
before the symptoms of the otitis became manifest. 

In other cases in which the infants are otherwise healthy, the 
affection often appears suddenly with restlessness, constant crying, 
tremor of the lower jaw, continuous rubbing of the occiput against 
the pillow, and high fever (39-5° to 40° C.= 103-1° to 104° P.). 
Where the affection is unilateral, the child often becomes quiet 
only when laid on the affected side. In accordance with this. 
Pins and Meissner state that such an infant usually takes only 
one breast, as the pain is increased when the position is reversed. 
It is often found that where one ear is diseased, the children 
allow their head to hang towards the affected side, and pull at that 
ear during the pain. The pain often comes on in paroxysms. 
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and increases especially during the night. The remissions which 
follow these paroxysms of pain are often so complete and extend 
over a lapse of hours that the children appear perfectly normal. 

In children who are in the first years of life, the head symptoms 
in otitis media acuta often reach such a degree of severity before 
perforation of the membrane has taken place that the affection, 
which frequently arises with high fever, vomiting, unconscious- 
ness, and convulsions, presents the picture of a meningeal affection 
or an acute exanthem beginning with brain symptoms.* These 
cerebral symptoms may be attributed to a hypersemia of the 
numerous anastomotic branches lying between the bloodvessels 
of the tymj)anic and cranial cavities in the ununited sutures. 

If in such cases we neglect to examine the ears, we become 
aware that the cerebral symptoms are due to an affection of the 
ear by the appearance of a purulent secretion from the ear, and 
by the simultaneous disappearance of the severe symptoms. 

The practitioner must always keep this fact in mind, and one 
must never neglect to thoroughly examine the ears in every child 
in whom the affection begins with fever and cerebral symptoms. 

The disease shows a striking change after spontaneous rupture 
of the membrane or after paracentesis. The pains suddenly 
stop, the fever disappears, and the patient falls into a deep 
sleep, which often lasts for hours. If the otitis is compli- 
cated with symptoms of cerebral irritation, convulsions, and un- 
consciousness, it will be seen that these also disappear. In 
infectious diseases, a rise in temperature up to 40° C. (=104° F.) 
often lasts a long time after the appearance of a discharge from 
the ear. The symptoms of purulent otitis which develop at the 
crisis of an acute infectious disease are hidden by the symptoms 
of the general disease, and the. aural affection is thus sometimes 
overlooked, becoming evident only by a marked rise in tem- 
perature. 

If examination of the drum before perforation has taken place 
is rendered difficult by swelling of the external auditory canal 
and by loosening of its epidermis, it will be found that the 
difficulty of such an inspection is even heightened after perfora- 
tion has ensued. In such cases the canal, which is already nar- 
rowed, becomes so constricted through swelling of its lining mem- 
brane and maceration of its epidermis that it is seldom possible 
to see the perforation. Occasionally one sees contractions of the 
muscles supplied by the facial nerve, while a complete i)aralysis 
of the facial nerve is rare; paralysis of the abducens is still rarer. 

* Streckeisen {Bericht iiber das Kinderspital in Basel, 1864) has sho-vvn 
that purulent catarrh of the tympanic cavity with a meningitic beginning is 
a cause of cerebral symptoms in pneumonia, and Steiner {Jahrbuch fiir 
Kv^derhcilk., 1869) designated, as one of the main causes of brain symptoms 
in the so-called brain pneumonia, a coincident purulent middle-ear inflam- 
mation. 


374 


DISEASES OF THE EAR 


A general septic infection in the otitis of infants has been observed 
by Oozzolino and others, but is on the whole rather rare {Biv. cl 
din. pediatr., Anno n.). 

Otitis media acuta, with or without perforation, shows a great 
tendency to frequent relapses in children up to their twelfth to 
fifteenth year, and especially during a cold in the head and 
during cold, damp weather. The repeated disinfection of the 
naso-pharynx with cleansing sprays proves beneficial at times in 
preventing such^relapses; nevertheless, especially in chronic 
affections of the naso-pharynx, the otitis often returns at varying 
intervals in spite of this precaution. 

In reference to the termination of otitis media infantum, the 
reader is referred to what has been previously said on p. 359. 
There is no doubt that catarrhs and jiurulent inflammations of 
the middle ear, with or without perforation, heal spontaneously. 
It can also be laid down as an established fact that some cases 
of disturbances of hearing, which arise in the later years of life, 
are the result of an overlooked or neglected aural affection in 
childhood. As a catarrh and a mild otitis are often due to 
diseases of other organs, and frequently run their course with 
slight symptoms, it is essential that the physician should never 
omit to examine the ears in every disease of childhood. 

It has already been mentioned that the purulent otitis of 
children arising in the course of infectious diseases — as in 
scarlatinal diphtheria and measles — often has an unfavourable 
termination in consequence of extensive destructive changes in 
the middle ear, and its complication with a panotitis. In these 
cases, the severity of the infection often produces marked changes 
around the labyrinthine windows with secondary changes in the 
nerve endings, causing a disturbance in the hearing of varying 
degrees. This deafness may be trivial or may be so marked that 
the patient has almost a complete loss of function. In addition, 
these cases are often associated with extensive destruction of the 
drum and with exfoliation of one or more of the ossicles. Still, 
the author has often seen cases in which, in spite of the severity 
of the infection, both labyrinthine windows remained intact, and 
in which, in spite of total destruction of the membrane, a hearing 
distance of 8-10 m. and over for whispered sjDeech was retained 
after suppuration had ceased. 

Considering the large number of aural affections in children, 
abscess formation in the mastoid process is, according to Gom- 
perz, relatively rare, inasmuch as the conditions for the flowing- off 
of the pus are more favourable than in adults. An acute empy ema 
often becomes manifest as a periosteal abscess; this develops 
very easily owing to the fact that the serrations of the fissura 
petrosquamosa remain open for a long time. When a true acute 
mastoid abscess has formed it becomes evident by the profuse, 
often haemorrhagic, muco-purulent discharge; the rapid reappear- 
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ance of the secretion in the meatus after removal; the nipple-, 
club- and mushroom-shaped granulations in the mucous mem- 
brane of the tympanic cavity; and the glandular swellings at the 
angle of the jaw. If the case is chronic, there is also a terrible 
foetor of the profuse otorrhoea, concomitant swelling of the 
meatus, and in rare cases a paralysis of the facial nerve. These 
symptoms often indicate that an extensive destruction has taken 
place, thereby exposing the dura and sinus to a varying degree. 

There is no doubt that the otitis media which arises in the 
early years of life has an important influence on the general health 
of the'child. Hartmann* found that in infants a gastro-intestinal 
disturbance and a loss of weight could be brought about by an 
exudation in the middle ear, and that the condition improved 
after removal of the secretion by paracentesis. He furthermore 
noticed that the rise of temperature which develops in the 
course of intestinal disturbances could be greatly heightened 
by the appearance of a middle-ear inflammation. From these 
facts one becomes convinced of the importance of examining the 
/ ears in all infantile gastro-intestinal disturbances combined with 
a rise of temperature and loss of weight. 

The same principles mentioned in the previous chapters are, 
on the whole, applicable to the treatment of the catarrhs and 
middle- ear inflammations of infants {vide pp. 307, 347, and 364). 
In reference to inflations of air per iubam, it must be mentioned 
that this method of treatment alone is quite sufficient to bring 
about a cure in those disturbances of hearing caused by the 
so-called tubal middle-ear catarrhs. The occasional application 
of inflations with weak pressure is also indicated in acute non- 
perforative and perforative otitis, but only after the disappearance 
of the acute reactive phenomena. Politzer’s method is especially 
serviceable in the suppurative forms to remove the stagnant 
secretion from the middle ear, and to bring about an improvement 
in hearing. The author has never seen any evil result follow 
the rational application of the air- douche in children. 

Experience has shown that Politzerization is indispensable in 
restoring the normal hearing function in the later stages of the 
disease. It is furthermore evident that patients treated in 
childhood by Politzerization possess, in later years, normal 
hearing, while a large percentage of cases which run their course 
under similar conditions, and are not treated with inflations 
according to the author’s method, suffer from disturbances of 
hearing ranging from a mild deafness to an almost complete loss 
of the auditory function. 

’ In the suppurative inflammations of the middle ear, when the 
drum is red and bulging, paracentesis is indicated in order to 
create free drainage. If the discharge is scanty, the ear can be 
cleansed several times a day by gently wiping out the canal and 
* Zeitschrift f. Ohrenheilk., vol. xxxiv. 
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instilling 8-10 drops of a warm peroxide solution, which is allowed 
to remain in the ear for several minutes and repeated every-three 
or four hours. This treatment is continued until the discharge 
has ceased and the reactive symptoms have disappeared. Where, 
on the other hand, the discharge is copious, it is necessary to 
irrigate the ears with a warm antiseptic solution every three or 
four hours until there is a diminution in the secretion, whereupon 
we can again resort to the instillation of warm peroxide. In 
cases in which there is evidence of a slight rnastoid involvement, 
gratifying results are sometimes obtained by applying a small 
ear ice-bag over the mastoid region. This should not be used 
continuously, but alternatingly half an hour on and one hour off, ' 
otherwise one is apt to produce a dermatitis. By this procedure 
many cases are arrested which would otherwise develop into a true 
mastoid abscess necessitating operative interference. In swelling 
of the external canal, Avhich in some cases extends over the mastoid 
region, one may gain the false impression that one is dealing 
with a true mastoid if the examination is done in a perfunctory 
manner. In such cases it is well to apply warm wet dressings of 
Burow’s solution in the canal and over the entire ear, which are 
changed every two hours until the swelling has subsided. By 
this procedure we are usually able to arrive at a differential 
diagnosis, for if the swelling does not rosjDond to this mode of 
treatment within a few days we can be certain that we are 
dealing with a true involvement of the mastoid bone. It is, 
therefore, well in the majority of cases to giv6 these swellings 
an opportunity to resolve, unless they are accompanied by severe 
symptoms such as sharp rises in temperature, restlessness, etc. 

A true mastoid is recognized by redness, oedema, and swelling 
over the mastoid region, with or without enlargement of the 
cervical glands in the neck. Temperature in infants and young 
children is not a constant symptom, and one cannot place too 
much reliance upon it, for one often sees cases in which there is 
comparatively little external evidence of a mastoid, and there are 
marked fluctuations in temperature; while, on the other hand, 
there may be a most extensive destruction of the mastoid cells, with 
virtually no rise in temperature at all, or only to a slight degree. 
That cerebral complications are comparatively rare in the young 
may be explained by the fact that the cortical layer of the mastoid 
is soft and yielding, so that the suppurative process has in the 
majority of cases the tendency to point outwards. When a true 
mastoid has developed, local treatment is of no avail and operative 
interference is imperative. Inasmuch as the infant mastoid is 
not fully developed, it is comprised of one or more large cells 
which are broken down and filled with soft bony tissue and 
purulent matter. In considering the anatomical structure of the 
infant mastoid, one should remember that the antrum is large 
and readilj'^ laid open, so that a free communication with the 
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middle ear is easily established. It must also be remembered 
that the middle cranial fossa during the first years of life lies 
very low, so that in operating on infants one must not begin too 
high up, as one may easily enter this cavity. As the skin is very 
tender in infants and young children, an eczema may easily 
develop on the aurical and surrounding area during the course of 
an acute and chronic suppuration of the middle ear, so that it is 
well to protect the parts once or twice a day with vaseline or 
some other soothing ointment. The treatment of aural conditions 
in children over five years of age is the same as in adults. 

(c) Chronic Purulent Inflammation of the Middle Ear. 

Syn. : Otitis media suppurativa s. perjoraiiva chronica. — Chron- 
ischer, eitriger Ohr catarrh {v. Troltsch) .-^hronische Mittelohr- 
eiterung.z — Chronic suppuration of the middle ear [Boosa ). — 
Chronic purulent inflammation of the middle ear {Burnett ). — 
Otite profonde de Voreille moyenne (Bonnajont). — Otite media 
piogenica a forma chronica {De Bossi). 

Chronic purulent inflammation of the middle ear is one 
of^the most important diseases of the organ of hearing, on 
account of its frequent occurrence and the disturbances of hear- 
ing caused by it. Its significance is, furthermore, intensified 
by the serious complications which may arise m its course 
through extension of the suppuration to the cranial cavity and 
sinuses. 

In no form of inflammation of the middle ear does the auditory 
apparatus undergo such extensive changes as in chronic suppura- 
tion. The suppurative process not only extends over the entire 
middle ear, but often involves the external meatus, labyrinth 
and walls of the tympanic cavity. 

Pathological Changes. — ^In chronic middle-ear suppuration the epi- 
thelium of the mucous membrane of the tympanic cavity often loses its ciliated 
character. The author has, however, seen cases in which the hypertrophic 
mucous membrane was covered with several layers of very long, cylindrical, 
ciliated epithelium, in spite of the fact that the suppuration had lasted 
for many years. The epithelium of the tympanum assumes an epidermic 
character, especially when the epidermis of the external meatus invades the 
middle ear {vide Cholesteatoma). In microscopic sections, portions of the 
mucous membrane appear entirely free from epithelium, while other portions 
are overgrown with an extensive growth of epithelium, which is several layers 
thick, often pigmented and hornified in its superficial strata, and infiltrated 
with fat globules. 

The most important change of the mucous membrane in this clironic 
affection consists of general thickening, which is due to an excessive infil- 
tration of round cells and to the dilatation and new formation of bloodvessels. 
Although the periosteal layer of the mucous membrane is pathologically 
altered, it nevertheless almost always remains intact, and the subepithelial 
layer becomes so compressed through round-cell infiltration that it is replaced 
by a suppurating granulation surface which is traversed by dilated, tortuous, 
partly new-formed vessels. The mucous membrane appears, therefore, dark 
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and yellow-red, several times its original tliiclcness, smooth or glandular, and 
covered with very minute in'egular or fungiform excrescences (Fig. 167, z,z); 
it is frequently so thickened that it completely fills the pneumatic spaces of 
the middle ear, the lateral concavities of the tympanic walls, and occasionally 
the greater part of the cavum tympani. The author was also the first to call 
attention to the pathological change of the dilated lymph vessels in the deeper 
layers of the mucous membrane in chronic suppurations of the middle ear; 
they appear as varicose, constricted vessels, ending in club-like blind pouches, 
and possessing small branches which form an anastomosing network (Fig. 168). 

Another condition which Avas first described by the author, and Avhich is of 
no less importance, is the formation of cysts in the hypertrophied mucous 
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Fia. 167. — Hypekteophy of the Mucous Membkane in Otitis Media 
Suppurativa Cheohica. From a Man, aged 19, avho had Middle-Ear 
Suppuration on the Right Side since Childhood, and who died of 
Acute Osteo-Myeutis. 

k, h'. Cross-section of the osseous wall of the promontory, with excessively dilated 
vessels and osseous spaces; g. The greatly thickened and infiltrated mucous 
membrane of the promontory — ^the formation of vessels in its deeper parts; z, z , 
Villous growth on the surface of the mucous membrane; c, o', c", Cystoid spaces 
in the excessively developed mucous membrane; o'. Lamellar piece of epithelium 
in the cyst. 

membrane; they probably are due to constriction of the saccular lymph- 
spaces in the deep layers whereby they become isolated (Fig. 168), Avhile those 
in the superficial layer of the granulation tissue are often lined with epithehum 
(Fig. 167, c, c, c"), and are formed by the growth of the papillary excrescences, 
inasmuch as the depressions between them become entirely shut off.* 

* Cp. Zeroni, Beitrag zur Kenntniss der Heilungsvorgange nacli der operativen 
Freigehing der Mittelolirraume. A. f. O., vol. xlv. 
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The changes which the diseased mucous membrane undergoes in the course 
of chronic suppirration of the middle ear are as follows: (l)The growth of round 
cells may disappear through fatty metamorphosis and degeneration; when the 
suppuration has even been mild, but of long duration, the mucous membrane 
hardly ever assumes its normal state, as is the case after an acute inflammation 
of short duration. (2) Circumscribed elevations develop through partial 
hyperplasia of the infiltrated mucous membrane; these appear in the form 
of granulations or pedunculated new growths, which are known as polypi of 
the tympanic cavity. (3) The formation of a firm connective tissue Avhich 
resembles cicatricial tissue, and which is developed by the transformation of the 
round cells into bands of spindle cells; this tissue is found in the middle ear in 
the form of diffuse tendinous thickenings of the mucous membrane, or as bridges 
and thick scars, which lead to abnormal adliesions between the membrana 



IfiG. 168. — ^Dilated Network, of Lyjiphatic Vessels in the Deeper 
Layers op the Covering of the Promontory in a Phthisical Person, 
27 Years Old, who had Otorrhcea since Childhood. (Right Ear.) 
(Hartnack, Obj. 7.) 

tympani, ossicles, and tympanic walls. Such connective-tissue growths may 
either remain as such or they may shrink, become sclerotic, calcify, and ossify, 
or, as is less often the case, the entire mucous membrane may become atrophied. 
There is no doubt that in many cases the thickened bridges and folds take their 
origin frhm threads and folds which are found in variable quantity in the 
tympanic cavity under normal conditions (see p. 35). (4) The suppurative 
process may lead to ulceration and destruction of the mucous membrane, 
which may be destroyed to the bone, whereupon the ulceration may involve 
the bone itself. (5) The mucous membrane may undergo an epidermal 
desquamation owing to the inward growth of the epidermis of the external 
auditory canal into the tympanic cavity, which leads to the formation of 
cholesteatoma in the temporal bone. Tiuough total destruction or degenera- 
tion of the capsular and check ligaments of the ossicles they become so loosened 
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that they are thrown oS; this, however, is most frequently^seen in the diph- 
theritic and scarlatinal suppurations of the middle ear. 

These changes in the cavum tympani just enumerated may develop inde- 
pendently at different periods of the process, or they may exist simultaneously. 
We may, therefore, find in the same ear granulations on the mucous mem- 
brane, &m organized connective tissue or cholesteatoma, and in other places 
ulcerations which reach to the bone. 

The membrana tympani undergoes many changes in chronic suppurations 
of the middle ear. While in acute suppurations — excluding the rapid destruc- 
tion of the membrane in middle-ear diphtheria, and tuberculosis of the 
membrane — ^there is only a disturbance in the continuity of the membrane, 
in the chronic forms there is a true loss of substance brought about by tlic 
breaking down of the tissue. 

The destructive process, as a rule, affects the intermediate portions 'of the 
membrane — that is, those parts lying midway between the peiiphery and the 
handle of the malleus. Even in those cases in which the loss of substance is 

very extensive, the author found in 
a large number of specimens that 
the peripheral portion of the mem- 
brane usually remains in the form 
of a sickle-shaped ledge, which is 
not always formed by the annulus 
tendinosus, but by the very com- 
pact, peripheral, circular, fibrous 
bundles of the membrane itself. 
The part of tlie membrane which is 
not destroyed becomes thickened 
either tlirough the excessive growth 
of the mucous membrane layer, with 
or without the formation of cysts, 
or tlmough a general papillary or 
polypoid hypertrophy of its cutis 
layer (Eig. 169) ; the substantia 
propria either remains unchanged or 
becomes partially or wholly sup- 
planted by exudate, chalk deposits, 
or by the growth of the connective- 
tissue elements of the neighbouring 
layers.* 

After the suppuration has run its course the edges of the perforation become 
covered with a layer of epidermis, and the orifice in the membrane either remains 
patent or is closed by delicate, thin cicatricial tissue in which the elastic fibres 
of the substantia propria are lacking. The remnant of the membrane is either 
thickened through the formation of connective tissue or calcified, ossified, 
and atrophied, and its inner surface may be either free or more or less adherent 
to the inner tympanic wall. 

The mucous membrane of the Eustachian tube is swollen and raised during 
the period of suppuration, the acinous glands are enlarged, the acini and their 
ducts dilated, and the epithelium is lacking or stratified. It is rare to find 
granulations or polypoid degeneration of the mucous membrane of the tube. 
In the majority of cases, a moderate narroAving of the lumen of the tube remains 
after the suppuration has run its course; a marked dilatation OAving to atrophy 
of its cartilage and bony Avails is seldom seen. 

The pathological changes in the mastoid process Avill be discussed in a 
special chapter. 

The bony Avails of the tympanie cavity, Avhich are covered Avith mucous 
membrane, shoAV no decided changes in a great number of cases. Not infre- 

* Op. Politzer, Atlas der BdeucliUingshilder des Trommelfells, p. 25, Eig- 14. 



Fig. 169. — Villous Groavths on the 
C uTicuLAR Layer of a Perforated 
Membrana Tympani. From a 
Tubercular Man, aauio died in 
THE General Hospital from 
Secondary Meningitis Basilaris, 

AND AVHO SUFFERED FOR MaNY 

Years from a Profuse Suppura- 
tion OF THE Middle Ear. 

a. Proliferating cuticular layer, with 
villous projections; h, Substantia pro- 
pria ; c. Mucous membrane layer. 



CHRONIC PURULENT INFLAMMATION 


381 


quentl3% however, one finds the bone cells bordering on the mucous nieiubVane 
inhltrated with round cells, and the Avascular spaces dilated — in a Avord, Ave 
find inflammatory chaiAges in the bone more or less developed. This leads 
either to a condensation of the osseous tissue, to hyperostoses and formation 
of osteophytes, or to destruction and atrophy of the bone, and finally to caries 
and necrosis of the temporal bone and ossicles, Avith all the sequeh-e Avith Avhich 
AA’e shall become acquainted in the further course of this chapter. 

The liistological changes in otitis media suppurativa of children are, accord- 
ing to the author’s investigations, characterized by papillary groAvths. The 
predisposition to these formations can be e.xplained by the papillary groAvth 
of the mucous membrane Avhich occurs so often in the neAv-born. The author 
has frequently found not only pedunculated papillary excrescences, but ridge 
and comb-like elcA’^ations on the 
mucous membrane of the middle car, 

AA'hich ran on the inner AA'all from the 
posterior part of the cavity toAA'ards 
the tympanic orifice of the Eustachian 
tube. These corab-like excrescences 
are not infrequently located upon 
elevated bony spines Avhich arise from 
the walls of the tympanic cavity (Fig. 

170). ■ 

Sometimes the tightly compressed 
“groAvths are so abundant that they 
completely occlude the lumen of the 
tube. They are most markedly de- 
A’^eloped on the promontory, at the 
head of the stapes, on the -tendon of 
the tensor tympani muscle, and on the 
inner surface of themembrana tympani 
in the region of the handle of the 
malleus. All the cells of the mastoid 
process are filled Avith granulation 
tissue, and the antrum contains a plug 
of exudate composed of pus-cells. 

In other specimens taken from 
children Avho had died of scarlet fever 
and diphtheria, the author found the 
attic filled Avith hypertroplxied mucous 
membrane, which embedded the mal- 
leus and the body of the incus. In ad- 
dition to this, both recesses, especially 
that of the round AvindoAV, Avere filled 
Avith granulations in Avhich the folds of 
mucous membrane and their ramifica- 
tions Avere found; these originated from 
the pad of mucous mem&ane in the 
fcetal state,- and formed the bases of 
these groAvths. 

In cases of scarlatinal diphtheria, 
the author found the malleus- exfoliated and the incus adherent to the inner 
tympanic Avail. 

The hypertrophied mucous membrane and the papillary excrescences are 
composed of round eeUs, Avhich reach to the periosteal layer of the mucous 
membrane. The bone, bordering immediately on the diseased mucous mem- 
brane, is often only slightly altered; sometimes a very vascxilar granulation 
tissue is found in the adjoining bone spaces. The most striking changes are 
noticed in the structure of the hammer and incus, in that their bone spaces 
are Avidened and filled with round cells; these changes are evident even in 


0 



Fig. 170. — Section thbougii the 
Anterior Part of the Tysipanic 
Caatity of a Child, 2^ Years of 
Age, avho had a Chronic Middle- 
Ear Suppuration after an 
Attack of Scarlet Fever. 

0, Superior; au, E.xtomal; u, Inferior; 
i. Internal Avail of the tympanic cavity, 
covered Avith polypoid groAA'ths; p, 
Pcdioulated papillary groAvths ; h, Sec- 
tion of a bony spine with papillary 
growths. (From a specimen in the 
author’s collection.) 



382 


DISEASES OF THE EAR 


those places where no direct connection can be established between the 
granulation tissue on the inner surface of the membrana tympani and the 
bone spaces of the hammer. The surface of the papillary growths is covered 
with a very abundant ciliated or non-cUiated cylindrical epithelium, which 
is sometimes higher than the normal epithelium of the mucous membrane 
of the middle ear. 

Etiology and Occurrence. — The transition of acute suppuration 
of the middle ear into the chronic form is caused partly by general 
and constitutional diseases — as lymphatic diathesia, tuberculosis, 
syphilis, anaemia, and marasmus — and partly by local changes in 
the ear itself and by diseases of the naso-pharynx. The cases of 
otitis media "which are brought about by the infectious diseases, 
and which pass most frequently into the chronic form, are those 
arising during the course of scarlet fever, diphtheria, more rarely 
typhoid fever. The chronicity of this disease is also greatly 
influenced by unfavourable atmospheric conditions and by 
improper bodily nourishment. It has already been previously 
shown that this affection does not always arise from the acute 
form, but may also develop without reactive phenomena in 
certain forms of cachexia. There is also no doubt that an acute 
suppuration of the middle ear may become chronic from a 
neglected or faulty treatment. 

The following are the most important local causes which may 
aid in prolonging the course of a middle-ear suppuration: (1) The 
granulations and polypoid growths of the mucous membrane of 
the tympanic cavity and on the membrana tympani, which 
develop in the acute stage. (2) The retention and caseation of 
the purulent secretion in the lateral concavities of the tympanum, 
in the depressions of the petrous bone, and in the cells, of the 
mastoid process. (3) Caries which is develop)ed in the mastoid 
or in another' portion of the temporal bone during the acute 
course of the disease. (4) Chronic inflammations of the external 
meatus if the process has extended from here to the middle - 
ear, as is sometimes the case in erysipelas and chronic eczema. 
(5) Chronic affections of the mucous membrane of the naso- 
pharynx and accessory nasal sinuses. 

Chronic suj) 2 ^uration of the middle ear occurs more often in 
children than in adults. Experience has demonstrated that a 
great number of the j)urulent jjrocesses met with in adults date 
from childhood. 

Character of the Secretion. — The secretion of this form of inflam- 
mation is mainly of' a purulent or blennorhceic character; occasionally a 
transparent colloid mucus is found which contains only a small amount of 
pus-ceUs. The quantity of the discharge is sometimes very profuse, but at 
times so shght that it dries up as .dark green crusts in the meatus and in the 
tympanic cavity. The exudation is most marked in the scarlatinal-diphthentic 
forms, in cases of extensive granulations in the middle ear, and in carious 
processes of the temporal hone. The yellowish-green colour of the secretion is 
often greatly changed by the addition of cerumen, detritus, blood, micro- 
organisms (bluish-green discharge), and drugs. When the discharge is thus 
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altered it presents a reddish-yellow, brown, dirty gray, or black discoloration. 
In cases of caries it is often very thin, having the character of flesh rinsings, 
and very irritating. The secretion of clironio purulent inflammations of the 
middle ear contains, in addition to the pyogenic micro-organisms, putre- 
factive bacteria and vibriones. According to Lauffs,* one finds, in marked 
foetid suppurations which are complieated with intracranial affections, the 
Proteus vulgaris alone, or associated 'vv'ith streptococci, staphylococci, or 
diplococci. The penetrating offensive odour which is often associated with 
the secretion is due to the destructive action of putrefacthm bacteria, and to 
the presence of saprophytes. This is not ahvays a symptom of caries, as it 
occurs not only in neglected cases, but also in those cases in which the ear is 
most carefully cleansed. In the latter cases the author has observed that this 
foetor, which cannot be overcome, is due to some irritating secretion or de- 
generated cholesteatoma having its seat in some lateral concavity of the 
tympanum which cannot be reached by syringing; such a continued evil odour 
of the discharge may, therefore, be an indication for opening up the middle-ear 
spaces. 



Fig. 171. — SEinLUNAR Perfora- 
tion IN THE Anterior Inferior 
Quadrant of the Right Mem- 

BRANA TnUPAHI. 

> 


Fig. 172. — Heart-shaped Perfora- 
tion IN THE Right Membbana 
Tympani. 


Condition of the Membrana Tympani. — The appearance of 
the meinhrana tympani in chronic middle-ear suppuration is 
so variable that we must limit ourselves to the description of 
its main types. A correct judgment as to the condition present 
is all the more important in this form of inflammation, because 
we can often locate the seat of suppuration in the middle ear by 
the position of the perforation in the drum. 

In those cases in which inspection of the membrane is pre- 
vented by the accumulation of secretion in the deep parts of the 
myatus, it must be washed out with warm irrigations or removed 
with small cotton plugs. Dried masses of secretion must be 
loosened with a probe and then removed with forceps. 

In the examination with the speculum we must note the 
location and size o fthe perforation, the condition of the 
remnant of the membrana tympani and inner tympanic w^all, 
and finally the simultaneous changes in the external auditory 
canal. 

The .perforation is most frequently situated at the anterior 
inferior and posterior superior quadrants of the membrane; the 


* Archivf. Oliren., vol. Ixx. 
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pars flaccida situated above the short process of the malleus is 
less often destroyed. 

The size of the perforation varies from that of a pin-hole to 
total destruction of the membrane. It does not depend on the 
duration or intensity of the suppurative process. The greatest 
loss of substance is observed in the 
scarlatinal-diphtheritic middle-ear suppura- 
tions, and in the tubercular ulcerations of 
the mucous membrane of the tympanic 
cavity. 

The form of the aperture is generally 
round or oval, elliptical, rarely semilunar 
(Fig, 171), or angular. Perforations situated 
below the handle of the malleus assume a 
decided, heart or , kidney shape, through 
projection of the handle- into the orifice 
(Figs. 171, 172, 174). The contour and size 
of the opening vary greatly by reason of the changeable 
thickness of its ipargins. Where the discharge is profuse 
small perforations are hardly visible, and their location is 
recognized only by a depression with a pulsating light reflex, 
or by the appearance of pus during condensation of the 



Fig. 173. — Left 

Membbana Tym- 

PANI PEBFOBATED 

IN Thbee Peaces. 



Fig. 174. — A Left-sided, ILcdney- 

SHAPED PeBFOBATION IN A WottlAN, 

20 Years of Age, who had suf- 
fered FOB Three Years from 
Chronic Middle-Ear Suppura- 
tion. 

The mucous membrane of the middle 
ear is dark red, .and the congested 
membrane is covered here and there 
with gray epidermis. Hearing 'dis- 
tance: Acoumeter =25 m. Speech = 
65 cm. 



Fig. 175.— -Double Perforation 
formed ,by a Bridge of the 
Membbana Tyaipani adhering to 

THE PbOSIONTORY. EXHAUSTED 

Middle-Ear Suppuration in a 
WoiiUN 23 Years of Age. 


air in the external meatus. Perforations in the anterior inferior 
quadrant of the membrane are often hidden by the bulging 
anterior wall of the meatus, and are discovered only by the 
presence of air- bubbles at the anterior inferior part of the field 
of vision, brought about either by the condensation of the 
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air in the middle ear, or by the rarefaction of the air in the external 
meatus. 

As a rule, there is only one perforation in the membrane; 
still, one occasionally finds, especially in tubercular middle- 
ear suppurations, two (Figs. 176, 176, 177) and three (Fig. 173) 
apertures, which vary in form and size. Cases are quite rare in 
which the membrane is perforated in four or more places, or in 
which it is pierced like a sieve by numerous small holes; this latter 
condition is met with in diphtheritic and tubercular suppurations 
of the middle ear.* 

During the time of suppuration the remnant of the membrane 
appears white, greenish-yellow, or reddish-gray, owing to the 
epidermis accumulated upon it, or to an interstitial exudate; 
although it is uniformly reddened, it can, nevertheless, be 



JFio. 17C. — Double Perfoeation in Fig. 177. — ^Left-sided Double Per- 

A Man, 37 Years of Age, who foration in a Girl, 17 Years 

HAD SUFFERED FROM OtOREH(EA OF AGE, WHO SUFFERED FROM A 

FOR Manx Years. Chronic Middb-Ear Suffura- 

tion since Childhood. 

distinctly differentiated in the majority of cases from the mucous 
membrane of the tympanic wall, which is either dark red 
or covered with epidermis and exudate, and from which it 
often stands out by a distinct shadow. The cuticular layer is 
seldom excoriated. The margin of the orifice is either covered 
with secretion or bounded by a red line, and occasionally over- 
grown with small papillary excrescences. It either remains free, 
or here and there comes into immediate contact with the inner 
tympanic wall. Such adhesions are frequently the cause of 
chronic suppurations, as the pus, from different parts of the 
tympanum, which has become encapsulated through these adhe- 
sions, is prevented from flowing off. It most frequently happens 
that the posterior margin of the perforation rests against the 
promontory, while the anterior part remains free, and throws a 
shadow upon the inner tympanic wall, which lies deeper. In a 
few cases, in which the periphery of the remnant of the membrane 
was free, the author saw a whitish or reddish band extend to the 
inner wall of the cavum tympani (Fig. 178). Where the per- 

* Politzor, Atlas d. Beleuchtnngsbilder, Plate VIII., 17-28. 

■ 25 
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foration is small, the handle of the malleus can rarely be distin- 
guished on account of the swelling of the cuticular layer; in 
cases of large perforation, on the other hand, in which the mem- 



Membbana Tyjipani. 

k. Short process of the hammer •with the 
stump of the handle Tongue-shaped 
remnant of the membrane adherent 
to the promontory; r, Penestra ro- 
tunda. (From a specimen in the 
author’s collection.) 



Fig. 179. — ^Destetictiok of the In- 
FEBioB Half of the Mesebeane, 

TOTH ExPOSTJBE OF THE PbOMON- 

TOBY AND Recess of the Round 
Window. Fbom a Man, 24 Yeabs 
OF Age, yho had shffebed fbom 
Otobbhcea since (^huhhood. 

The inferior end of the handle of the 
malleus destroj'ed through necrosis. 
Hearing distance : Acoumeter =5 m. 
Speech =2 m. 



brane surrounding the manubrium is destroyed, it either pro- 
trudes freely into the orifice in its original form and position 
(Pig. 180), or it appears several times its normal thickness, drawn 

inwards, its inferior extremity in touch 
with the inner tympanic wall, or its 
lower end shortened through carious 
degeneration (Pig. 182), or entirely 
absent (cp. Politzer, Atlas, Plates VII. 
and VIIL). 

The changes on the inner tympanic 
wall can be recognized by inspection 
only if the perforation is large enough 
(3-4 mm.) to allow sufficient illumina- 
tion of the tympanic cavity. Small 
perforations are visible as black holes 
after removal of the secretion. Where 
the orifice is large, the exposed mucous 
membrane presents different shades of 
yellowish-scarlet or bluish-red, smooth 
or uneven, lustrous in parts, and not in- 
frequently covered with firmly adherent 
layers of exudate and epidermis. _ The 
tumefaction is either so slight that the anatomical details of 
the inner tympanic wall are easily recognized, or so_ considerable 
that all the depressions in this wall are erased, giving it the appear- 


Fig. 180. — Extensive 
Loss OF Substance in 
Right Meihbeana Tym- 

PANI. 

Inferior end of malleus ex- 
posed and free; in the 
remnant of the mem- 
brane is a small hole (o); 
attic filled with connec- 
tive tissue masses. (From 
a specimen in the author’s 
collection.) 
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ance of an even red surface. When the growth of mucous meni- 
brane in this part of the tympanic cavity is very excessive, it 
may even extend through the perforation above the surface of the 
membrana tympani. Sometimes numerous small and large 
granulations and polypi are formed (Figs. 181 and 182), which 
extend over the whole field of view, or are arranged in groups; 
in some very rare cases fibrous growths as hard as cartilage or 
hyperostotic thickenings are found, which remain as yellow 
protuberances on the inner tympanic wall after the suppuration 
has ceased. Where the defect is very extensive, and even where 
suppuration is still in progress, it is possible to see the dark 
orifice of the Eustachian tube in the anterior part of the tympanic 
cavity; while in its posterior part above the handle of the malleus. 



Fra. 181. — The Inferior Half of 
THE Left Membrana Tympani is 
destroyed; on the Dark Red 
Inner Wall of the Tyjipanio 
Cavity are several Globular 
Granulations. From a Man, 24 
Years of Age, vmo had suffered 
FROM A Discharge from the Left 
Ear since he was 5 Years Old. 

Hearing distance: Acoumeter = 0. 
Speech = J m. In the upper rem- 
nant of the membrane the thickened 
stump of the handle of the malleus is 
recognizable. 



Fig. 182. — Extensive Destruction 
OF THE Right MEaisRANA Tympani, 
of which a thickened Rem- 
nant IS PRESERVED ONLY AT THE 

Superior Periphery. Groups of 
Small Granulations on the Pro- 
montory. From a Girl, 1 9 Y bars 
Old, who had suffered since 
Childhood from a Discharge 
FROM th e Ear. 

Destruction of the growth by touching 
it with liquor ferri muriatis. The 
otorrhoea has ceased. Hearmg dis- 
tance: Speech =2 m. 


the incudo-stapedial articulation and the recess of the round 
ivindow may also be seen. 

The contour and form of the remnant of the membrane and 
the details of the inner tympanic w^all become more distinct 
after the cessation of the suppuration. The remnant of the 
membrane appears gray, cloudy, and thickened, giving it the 
appearance of parchment, and is not infrequently calcified to a 
more or less extent. The chalk deposits present the appear- 
ance of sharply defined, chalky-white, or yellow spots, situated 
between the handle of the malleus and the periphery (Figs. 183, 
184, 186), and occasionally attain such a size that nearly the 
entire remnant of the membrane up to the peripheral portion 
of the annulus tendinosus is transformed into a rigid, calcareous 
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mass, penetrating all the layers (Fig. 184). It is a rare occur- 
rence to find a portion of the calcified part projecting freely into 
the perforation. 

In cases of small defects, the handle of the malleus is often 
embedded in the thickened membrane, so that it can no longer 



Fig. 183. — ^Double Peefobation of 
THE Left Membeana Tympani; 
THE Gaps aee sep^veated by a 
Naeeow Beidge; in feont of the 
Handle of the Malleus is an 
Oblong Calcaeeous Deposit. 

(From a specimen in the author’s 
collection.) 



a 


Fig. 184. — Extensive Calcification 
OF THE Right Mejibeana Tympani, 
involving all the Layees. 

a. Peripheral portion not calcified; h. 
Perforation behind the handle of the 
malleus. (From a specimen in the 
author’s collection.) 


be recognized, and only the short process is visible as a knob- 
like projection at the anterior superior portion of the membrane. 
Sometimes the hammer is differentiated from the thickened 
remnant of the membrane by its yellow or red colour. When 



Fig. 185. — Extensive Desteuction 
OF THE Membeana Tympani; the 
Infeeioe Exteemity of the 
Handle of the Malleus is 

LAID BAEE. 

a, In front of the handle of the malleus 
is a calcareous deposit, which partially 
projects freely into the gap. (Left 
ear.) (From a specimen in the 
author’s collection.) 



Fig. 186. — Saull Peefoeation be- 
hind the Umbo. Seahlunae Cal- 
caeeous Deposit in the Anteeioe 
Infeeioe Half of the Meaibeana 
Tyaipani. 

In a girl, 15 years of age, in whom otor- 
rheea is said to have appeared about 
four months ago, and to have ceased 
since a fortnight. Hearing distance ; 
Watch=40cm. Speech=4m. (Left 
ear.) 


the perforations have attained a considerable size and the 
handle of the malleus is partly exposed, it seldom retains its 
normal position (Fig. 180), but seems more or less inclined 
inwards and backwards and foreshortened (Fig. 189), and its 
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inferior extremity is often adherent to the inner tympanic wall. 
This place of union is usually above the apex of the promontory, 
and is indicated by a circumscribed thickening of the adjoining 



Fra. 187. — Central Perforation; in 
front of and beiund the Handle 
OF THE Malleus are Circum- 
scribed Calcareous Deposits in 
THE MEMBRANA TyMPANI. 

In a girl, 1 7 years of age, in whom the 
suppuration of the middle ear com- 
menced eight years ago and ceased 
since two years. Hearing distance: 
Speech = 11 m. (Right ear.) 



Fig. 188. — Large Perforation of 
THE 'Membrana Tympani; the 
Handle of the Malleus is 
foreshortened; its Inferior 
EXTREmTY is in CONTACT WITH 
the Promontory. 

From a yoimg man, 19 years of age, who 
was affected with purulent inflamma- 
tion of the middle ear during scarlet 
fever ten years ago . Hearing distance : 
Acoumeter=l m. Speech=lJ m. 


mucous membrane. Where a portion of the manubrium is 
destroyed by caries, it appears uneven, pointed, or worn away 
to a stump, which ends below the short process. 



Fig. 189. — ^Extensive Perforation 
OF THE Right Membrana Tym- 

FANI. . 



Fig. 190. — ^Perforation of the Pos- 
terior Half of the Right Mem- 
brana TyjiPANi. 


The inferior extremity of the handle 
of the malleus is adherent to the 
inner wall of the tympanic cavity. 
The round capitulum of the stapes, 
the niche of the fenestra rotunda, and 
the ridgy protuberances of the lower 
wall of the tjmipanic cavity are visible. 
From a young man, 17 years of age, 
in whom the suppuration commenced 
during scarlatina, and lasted until 
three years ago. Hearing distance: 
Watch =2 cm . Speech =| m . 


Above the strongly projecting pro- 
montory, the long process of the incus 
and the posterior crus of the stapes 
are visible. From a young man, 16 
years of age, in whom the purulent 
inflammation commenced two years 
ago after a cold bath. Hearing dis- 
tance: Acoumeter=l m. Speech = 
nearly normal. 


After suppuration has ceased, the inner tympanic wall assumes 
a rose, yellowish-red, or pale yellow' colour, and is either moist 





390 


DISEASES OF THE EAR 


or may have its normal appearance. When the tissue has under- 
gone cicatricial thickening, the inner wall is of a tendon-gray 
colour, uneven and shining; in calcification of the mucous mem- 
brane it is intensely white. Vascular ramifications are not 
infrequently plainly visible on the promontory, and most often, 
the veins accompanying Jacobson’s nerve. If the anterior 
portion of the membrane has been destroyed, the anterior 
tympanic space reaching to the tympanic orifice of the Eustachian 
tube will be visible as a dark depression. If the defect extends 
nearly to the inferior peripher}’’ of the membrane, it is often possible 
to see a part of the inclined inferior tympanic wall, with its ridgy 
elevations and dark concavities (these may be mistaken for 
trabeculae of granulations). Where the posterior half of the 
membrane is defective (Eigs. 190, 191), the promontory is 



Fig. 191. — Extensive Perforation 
IN THE Posterior and Inferior 
Portion of the Right Membrana 
Tympani. 

In the posterior superior quadrant of the 
field of view the capitulum of the 
stapes -with the tendon of the sta- 
pedius, below it the pale-yellow pro- 
montory, and behind it the niche of 
the fenestra rotunda, are visible. 
From a man 50 years of age. 



Fig. 192. — ^Perforation of the Pos- 
TERiOR Half of the Right Mem- 
BRANA Tympani. 

r. Fenestra rotunda; s, The capitulum 
of the stapes, with the tendon of ttie 
stapedius laid bare by the destruction 
of the long crus of the incus. (From 
a specimen in the author’s collec- 
tion.) 


seen projecting in the form of a hillock, and above this, the 
exposed incudo-stapedial articulation (Eig. 190). In those cases 
in which the inferior part of the long process of the incus is 
worn away, the two crura and head of the stapes (Eigs. 191, 192), 
with the tendon of the stapedius muscle running backwards, are 
distinctly visible. It is seldom possible to get a clear view of 
the chorda tympani (Eig. 193) and the dark recess of the round 
window at the posterior border of the promontory. 

Diagnosis of Perforation of the Membrana Tympani.— In 
addition to the condition of the membrane found by inspection, 
the auscultation sound heard with the auscultation tube when 
using the Valsalva method or during an inflation of air is, in 
the majority of cases, a positive sign for the diagnosis of a per- 
foration (vide p. 106). Where secretion is present, the air passing 
through the opening in the membrane will be heard as a moist 
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rale, but in cases in which there is a dry perforation it usually 
assumes a high and hissing character. A perforation of the mem- 
brane may be diagnosed by the simple experiment of filling the 
external meatus with warm water and then forcing air into the 
middle ear by an inflation, whereby air-bubbles may be seen on 
the surface of the fluid. Where no perforation sound is heard 
during the condensation of the air in 
the middle ear, it may be concluded 
that there is a perforation if we follow 
the suggestion of the author by con- 
densing the air in the external meatus 
and placing one end of the auscultation 
tube in the patient’s nose, while the 
other is inserted into the ear of the 
physician; when the air escapes 
through the Eustachian tube of the —Exposed 

patient, it will be distinctly heard by Chobda Tysipani ik a 
the examiner {vide p. 137). Boy aged 9 Ye.vrs. 

„ . . . , ... Otorrhoea commenced four 

Kugel s experiment for demonstrating the j.g and ' ceased 

presence of a perforation of the membrane gj[jice six months. By 

before a number of persons, consists in her- touching the nerve a 

metically introducing into the external meatus piercing pain and sour 

a rubber tube having an olive-shaped nozzle, taste were experienced on 

and allowing its free extremity to hang in a the tip of the tongue, 
glass of water. In performing Valsalva’s or 

Politzer’s method, air-bubbles will be seen to rise in the water from the 
free end of the tube. Sometimes it is possible, according to Pins, to obtain 
notes from a small whistle placed hermetically into the external meatus by 
the escape of the air through the perforation. 

The diagnosis of perforation is rendered more difficult if the 
opening in the membrane is occluded by exudate or granula- 
tions, or if the margins of the perforation rest against the inner 
tympanic wall and the sharp boundary between the membrane 
and the mucous membrane of the tympanic cavity is effaced. In 
such cases, the seat of the perforation is ascertained only in the 
further course of the disease, when the swelling of the membrane 
decreases and the accumulated masses of exudate and epidermis 
are cast off. When the perforation is large, and the reddened 
(or tendon-gray), shining inner tympanic wall shows a great'^ 
similarity to the pathologically altered membrane, it is often 
difficult to detect the perforation by inspection, so that the diag- 
nosis of such a large defect can be made only by the relative 
position of the remaining parts of the membrane or stump of the 
hammer to the deeper parts of the tj’-mpanic cavity. In doubtful 
cases, the seat of the perforation can often be discovered only by 
means of Siegle’s speculum. If the air in the external meatus is 
rarefied, a drop of pus will often come into view, indicating the 
seat of the perforation. In like manner, by condensing the air in 
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the external meatus, the perforation may become visible for a 
moment as the air is forced through. The pneumatic speculum 
may also be used with advantage as a means of diagnosis if one 
is in doubt whether the uneven, granulating surface taking in 
the entire field of vision is the membrane or the inner tympanic 
wall; in the former case, the reddened surface will. show a 
decided mobility by alternate rarefaction and condensation of 
the air in the external meatus, while in the latter case all mobility 
will be absent. 

Siegle’s speculum is furthermore of diagnostic v^lue for the 
purpose of localizing circumscribed suppurative processes in the 
middle ear, which cannot be seen on inspection. Such localized 
suppurations may continue in the attic and mastoid antrum, 
while the secretion in the visible parts of the tympanic cavity has 
ceased entirely. If, in such cases, the air in the external meatus 
is aspirated by means of the pneumatic speculum, pus will be 
seen to appear in the perforation at the posterior superior quadrant 
of the membrane, which becomes more profuse as aspiration is 
continued. If during this aspiration a rather large quantity of 
pus appears in the posterior superior quadrant, it may be con- 
cluded with great probability that we are dealing with an attic 
and antral suppuration; while a small quantity of secretion before 
or behind the handle of the malleus indicates a suppurative process 
in the attic alone. In a number of cases the author was also 
able to locate circumscribed suppurations in the region of the 
Eustachian tube by means of the Siegle speculum. 

Chronic Suppurations of the Middle Ear with Perforation 
of the Pars Flaccida (Shrapnell’s Membrane). 

Those chronic midde-ear suppurations running their course 
with perforation of the pars flaccida deserve special consideration 
from a diagnostic, as well as from a therapeutic, point of view. 

In the majority of cases, perforation of ShrapnelTs membrane 
associated with an intact membrana tympani is produced by an 
inflammatory condition of the entire middle ear. In these cases 
the attic suppuration often remains as the residuum of a sup- 
purative process in the tympanic cavity, which has run its course. 
Sometimes, however, it is occasioned by a suppurative inflam- 
mation localized in the external attic, which is seldom recog- 
nized clinically in its primary stage. 

That it may arise slowly and without reaction is shown by the 
fact that one often sees suppurations wdth perforation of the pars 
flaccida which are not preceded by any symptoms of a reactive 
inflammation. 

In such cases, therefore, the opinion expressed by some 
observers that it sometimes arises .through infection from the 
external auditory canal must not be disregarded. In a great 
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number of cases the author has been able to observe its develop- 
ment during the course of a chronic middle-ear catarrh; this was 
due to the fact that a deep groove was formed above the processus 
brevis in consequence of a marked retraction of the atrophic pars 
flaccida and its apposition to the neck of the hammer, whereupon 
the growth of the epidermis of the external meatus into this depres- 
sion caused a continuous pressure upon the pars flaccida, thereby 
creating a perforation. 

According to Hartmann, it is often possible to find adhesions 
between the membrana tympani and the inner tympanic wall in 
middle-ear suppurations complicated with perforation of the 
pars flaccida. Perforation of Shrapnell’s membrane is occasionally 
the symptom of a suppuration of the mastoid antrum, particularly 
in those cases in which the greater part of the membrana tympani 
is adherent to the inner tympanic wall. 

The author’s anatomical investigations show that defects of the 
membrana tympani occur more often with a simultaneous per- 
foration of the pars flaccida than has been generally supposed. 
It is often overlooked, because it is hidden by the accumulation 
of macerated epidermis and the swelling of the surrounding parts. 
We are frequently able to discover the perforation only after the 
macerated epidermis and dried secretion has been thoroughly 
removed. 

Secretion or air seldom appears in the perforated pars flaccida 
during Valsalva’s method or an inflation of air, because the 
places of communication between the external attic and the 
tympanic cavity become occluded by the collection of secretion, 
swelling, granulations, or adhesions. Sometimes we are able to v 
diagnose a perforation of the pars flaccida by the appearance of 
a drop of pus above the short process of the hammer during 
rarefaction of the air in the external meatus by means of the 
pneumatic speculum. / 

The appearance of the membrane in middle-ear suppurations 
running their course with perforation of Shrapnell’s membrane 
varies according to the amount of loss of substance, the extent of 
the swelling of the neighbouring parts, and the condition of 
Prussak’s space. When the discharge is slight, a round or 
oval, dark red opening, or one filled with a grayish-yellow 
secretion, is seen after the removal of the secretion (which 
is usually of a curdy nature) or macerated epidermis; this 
orifice is almost always located above the short process of the 
malleus, seldom behind it. The perforation is found much more 
frequently in the central than in the anterior or posterior parts 
of the pars flaccida. The vessels in the region of the short process 
and handle of the malleus are injected; the membrane itself is 
sometimes onl}'- slightly altered in suppurations confined to the 
attic, and usually appears gray, cloudy, lustreless, and at times 
retracted. 



394 


DISEASES OF THE EAR 


Prussak’s space is filled either with a thin fluid or with curdy 
secretion, after the removal of which the cavity is seen to be lined 
with reddened mucous membrane or macerated, firmly adherent 
epidermis, or filled with granulations. 

When, in cases of localized suppuration of Prussak’s space, or 
of the external attic, the process heals, one finds the sharply- 
defined opening presenting a dark gray colour and its margins 
overgrown with epidermis; in addition to this, the groove-like 

depression which is hounded by the neck 
of the hammer is covered with a shining 
cicatrix. 

In diffuse middle-ear suppurations 
complicated with perforation of the 
pars flaccida, an oval aperture is usually 
seen in the posterior part of the mem- 
brana tympani (Pig. 194), with or 
without adhesion of its anterior part 
to the inner, tympanic wall. In other 
cases the entire inferior part of the 
membrane is defective, and is only 
separated from the perforated pars 
flaccida by a broad remnant, which 
encloses the handle of the malleus. A 
condition of practical importance, and 
worthy of notice in perforation of 
Shrapnel!’ s membrane, is a marked 
bulging of the posterior segment of 
the membrana tympani, which is due 
either to an encapsulated purulent or cholesteatomatous mass, 
or to the growth of granulations; in order to remove such 
accumulated masses it is necessary to incise this portion of the 
membrane. 

Attic suppurations associated with perforation of the pars 
flaccida are characterized by their obstinate course. The reason 
for this may be explained by the fact that the secretion_ lying 
in the spaces formed by the folds of mucous membrane in the 
external attic becomes encapsulated, and cannot be easily reached 
by irrigation. 

The chronic suppurations of the external attic, as Avell as those 
combined with perforation of the pars tensa, lead to the formation 
of granulations and polypi, which force their way through the 
perforation into the external meatus. The presence of small 
polypi varying in size from a millet- to a hemp-seed, and situated 
above the short process of the malleus, can be recognized without 
any difficulty.* On the other hand, we cannot tell whether the 
large polypi, which cover the greater part of the membrane as 
red, uneven masses, or completely fill the bony meatus, arise 
* Compare Politzer, AUas, Plate XIV. 



Fig. 194. — Perfobation 
IN THE Posterior Su- 
perior Quadrant of 
THE Membrana Tym- 
pani AND ALSO OF THE 

Membrana Shrap- 

NELLI. 

In a man, aged 21 years, 
ndio has had otorrhcea 
for five years. Complete 
deafness of the left ear. 
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from the external attic until the growths have been removed by 
operative procedures. Small granulations arising from the neck 
of the malleus seldom recur after their removal, while those 
growths springing from the upper portion of the attic or from the 
malleo-incudal body show a great tendency to reappear. The 
formation of cholesteatomata in the external attic is still more 
common, and is almost always brought about by the inward 
growth of the epidermis of the external meatus into this portion of 
the middle ear {vide section on Cholesteatoma). Such a formation 
of cholesteatomatous masses in the attic may give rise to extensive 
changes in the temporal bone. 

Chronic suppurations of the attic may run their course for 
years without any symptoms. Sometimes, however, they are 
accompanied by intercurrent pains in the ear, hemicranial 
headaches, a feeling of pressure and heaviness in the head, and 
violent attacks of dizziness. The last-mentioned head symptoms 
usually occur with the formation of granulations and cholestea- 
toma in the attic, with caries of the external attic wall, and 
with the development of suppurations in the antrum and 
cholesteatoma in the mastoid cells. 

When the suppuration of the attic continues a long time, it 
not infrequently leads to caries and necrosis of the malleus 
and incus, and to absorption of the bone above the Rivinian 
segment, whereby defects are produced in the superior wall of 
the meatus above the short process of the hammer, which in 
some cases attain such a size that a great part of the attic. is 
exposed to view.* 

The clinical picture in such cases varies according to the size 
of the bony defect, whether the structures of the tympanic cavity 
have retained their anatomical forms, and whether the suppura- 
tion is still in progress or has subsided. In cases in which 
the discharge still continues, the defect in the bone is filled 
Avith a curdy, septic secretion, with cholesteatomatous masses or 
Avith granulations AAdiich grow into the lumen of the external 
meatus above the leA’^el of the gap (Fig. 195). It is only after 
the removal of these masses that it is possible to inspect the cavity 
produced by absorption of the bone and to get a good vieAv of 
that part of the attic corresponding to this defect. 

The picture after an exhausted suppuration is more easily 
recognized. When the defect is small, we can distinctly see in 
the background either a tendon-gray, lustrous cicatrix (Fig. 196), 
or the j’^ellow neck and a portion of the head of the hammer. If 
the bony defect is large and Amry readily recognized, the superior, 
free margin of the membrane will be found to be sharply defined 
(Figs. 197 and 198), and the malleo-incudal articulation sometimes 
so completelj'- exposed that its Amrious anatomical details can 

* According to Walb (A. /. 0., 23), as sequel to a primary suppurative 
ostitis of the margo tympanicus. 
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be clearly seen* (Fig. 197). In cases in which the incus was 
destroyed the author has repeatedly seen the head of the malleus 
lying free (Fig. 198); if this was also destroyed, and there was 
a simultaneous defect in the posterior segment of the membrane, 
one could readily see the recess of the oval window and the 
Fallopian canal lying above it; if the gap Avas still larger and the 
defect extended further back, the author could even see the 
prominence of the horizontal semicircular canal and a portion 
of the antrum. Under these conditions the membrane appears 



Fig. 195. — ^Desteuction of Sheap- 
nell’s Mesibeane in the Left 
Eab. 

At the incisura Rivini a jagged gap in 
the bone is seen, through which the 
mucous membrane of the tympanic 
cavity is growing. From a girl, IG 
years old. in whom suppuration of 
the middle ear had existed for four 
years. Lately she had had con- 
tinuous headaches and twitchings of 
the facial muscles. In spite of re- 
peated removal of the protruding new 
formation, it again and again grew 
into the external meatus. But after 
several injections of warm water into 
the tympanic cavity by means of the 
catheter, recovery took place. 



Fig. 196. — Gap the Size of a Small 
Lentil above theShoetPeocess, 
THE Base of which is lined by a 
Smooth^ Dey and Geay Cicateix, 

From a girl, 20 years old, who bad suf- 
fered from an ear affection since child- 
hood. The suppuration is localized 
in the space above the short process. 
The suppurating cavity was cleansed 
by means of a small tympanic tube 
inserted from the meatus, and then a 
few drops of a 10 per cent, solution of 
nitrate of silver were injected through 
the same tube, by which the secretion 
was arrested on the folloiving day. 
Several subsequent slight relapses 
were quickly cut short by the same 
treatment. Hearing distance: Acou- 
meter=ll cm. Speech = li m. 


gray, cloudy, thickened, calcified, either partially or completely 
adherent to the inner tympanic wall, and even extensively 
destroyed if the suppuration of the middle ear is diffuse. 

With these suppurative processes confined to the external attic, 
even if combined with extensive defects of the outer attic wall, 
the disturbance of hearing is usually found to be very slight. 
This is a very important point, as the author was the first to shoiv, 
in aiding us to make a differential diagnosis betAveen the primary 
forms of attic suppuration and those complicated with diffuse 
suppurations of the middle ear. 

Even in cases in which the attic suppuration has existed for 
some time, and the process is confined to this portion of the middle 

* Compare A. Politzer, BeleucMungsbilder des Trommelfells, 1895, p- 122, 
and Adas, Plate XIV., 13-19. 
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ear, the hearing is usually well iireservecl, as there is no marked 
impairment in the sound-conducting apparatus. On the other 
hand, however, when there is a coexisting middle-ear involve- 
ment, the hearing power may suffer to a more or less degree. 

The treatment of these conditions will be given in a later para- 
graph (p. 435), and the sequelas requiring special treatment will 
also be discussed later on. 

Pathological Changes in the External Auditory Canal in 
Chronic Middle-Ear Suppuration. — The lining of the external 
auditory canal undergoes many changes through long contact 
with the secretion from the middle ear, and through extension of 
the inflammatory process from the tympanic cavity. 



Fio. 197 . — An Exhausted SurruuA- 
TION OF THE JIlDDLB EaR. LaRGE 
Defect inthe Bone above the Ri- 
viNiAN Segment, vnncH is closed 
BY A VERY THIN DEPRESSED MEM- 
BRANE. 

Head of the malleus, body of the incus, 
and anterior ligament of the malleus 
distinctly visible. Prom a woman, 
20 years of age. Hearing distance: 
Acoumeter = 50 cm. Whispered 

speech = 5 m. 



Fig. 198. — A Large Defect in the 
Bone above the Rivinun Seg- 
ment, through vthch the He.vd 
OF the Hammer is ^^SIBLE. 

In a woman, 30 years of age, who had 
suffered from otorrheea since 10 years 
of age. AWiispcred speech =21 m. 


The following are the most frequent changes; Follicular or 
diffuse inflammation, hypertrophy of the cutis, stricture of the 
canal, and the formation of granulations and polypi. Rarer 
sequel® are the following: Inflammation and thickening of the 
periosteum of the bony portion of the meatus terminating in 
hyperostosis and exostosis, the formation of ulcers and erosions 
(in scrofulous persons), caries and necrosis of the osseous walls, 
and gangrene of the cartilaginous meatus. 

In children and in persons with a delicate, irritable skin, it is 
found that the action of the secretion on the auricle and external 
region of the ear often produces a moist eczema; sometimes 
this process leads to deep-seated ecthymatous pustules, and 
occasionally to a chronic diffuse dermatitis with enlargement of 
the thickened and rigid auricle. Swelling of the glands at the 
back and side of the neck, more rarel}’’ of the retro-auricular 
lymph-glands, is of frequent occurrence, and is seen especially in 
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children. This glandular infiltration can, in the majority of 
cases, be traced to some focus of suppuration in the neighbour- 
hood, and we are justified in assuming it to be due to a lymphatic 
diathesis only if other characteristic signs of a lymphatic nature 
are at hand. The purulent middle-ear process also frequently 
changes the character of the secretion of the ceruminous and 
sebaceous glands, so that one finds a curdy, scaly secretion, or an 
excessive growth of epidermis in the meatus, instead of -the 
normal cerumen, after the suppuration has run its course; this 
abnormal accumulation of secretion in the external meatus may 
extend through the perforation into the tympanic cavity, and 
may form the T)asis of cholesteatomatous masses, which will be 
described later. 

Symptoms of Chronic Middle-Ear Suppuration. ^Chronic 
suppuration of the middle ear often runs its course without any 
striking subjective phenomena. Tenderness, or frequent attacks 
of pain, usually develop when there is an inter current acute 
inflammation of the middle ear and external auditory canal, and 
when the discharge of pus is prevented through temporary 
closure of the perforation, through stricture of the meatus, or 
through polypoid growths. This form of inflammation is further- 
more accompanied by severe pain, when the pus becomes sac- 
culated, when the cheesy masses in the caviim tympani and the 
mastoid process undergo decomposition, when the mucous mem- 
brane becomes ulcerated, and finally when there is caries of the 
temporal bone. The pain is seldom due to neuralgia. 

The usual symptoms of chronic inflammation are: A feeling 
of pressure and heaviness in the head, or ’obstinate headache, 
which, in unilateral affections, is generally localized in the cor- 
responding side of the head or occiput. These head symptoms 
are often caused by a hypersemia which is transmitted to the 
scalp. The above-mentioned symptoms are most often observed 
in cases in which the outflow of pus is hindered, or in which 
inspissated masses accumulate in the middle ear. 

Giddiness, or marked attacks of dizziness with vomiting, 
unsteadiness of gait, and increased tinnitus, are sometimes 
the symptoms of slight temporary changes in the labyrinth. 
These symptoms are observed most frequently in association with 
the formation of cholesteatoma in the attic and mastoid antrum, 
with abundant granulations in the middle ear, with extension of 
the inflammation to the labyrinth, and finally with cerebral com- 
plications. 

The annoying head symptoms generally disappear with the 
cessation of the suppuration. Surprisingly rapid relief is often 
obtained after the removal of the inspissated secretion, chqles- 
teatomatous masses and polypi from the middle ear. Occasion- 
ally, however, the reverse is found to be the case, inasmuch as a 
constant feeling of pressure and pain in the head arises after the 
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cessation of the suppuration, which does not disappear until the 
discharge in the middle ear again returns. 

Subjective noises are much more rarely met with in this 
form of disease than in chronic, non-perforative middle-ear 
catarrhs. The reason for this may be explained by_ the fact that 
when there is a perforation an immediate equalization of the air- 
pressure between the external atmosphere and the middle ear 
takes place, and the labyrinth is less often involved in the 
non-complicated forms of chronic middle-ear suppurations. The 
noises are usually intermittent. Those of a continuous nature are 
generally observed in ansemic, cachectic, hysterical, and nervous 
individuals, in a consecutive exudation into the labyrinth, in 
syphilitic affections of the ear, and in adhesive processes of very 
long standing. They are considered of evil prognostic import in 
regard to the restoration of the hearing. 

Alterations in the taste, such as a diminution or total loss, which are brought 
about by a pathological condition of the chorda tympani, and of the glosso- 
pharyngeal which takes part in the formation of the tympanic plexus, are 
occasionally observed in chronic suppurations of the middle ear. When the 
chorda tympani is afiected, the anterior third of the tongue is affected; while 
in lesions of the tympanic plexus, the soft palate, the posterior pharyngeal 
wall, and mucous membrane of the cheeks are the parts involved. Although 
these alterations in the taste may seem very marked while testing, still the 
patients seldom complain of them when eating or drinking. Sometimes a 
change in the tactile sense is also observed in the tongue. An alteration in the 
sense of smell, as a loss of perception for different odours, or anosmia, is some- 
times seen, and may be attributed to a simultaneous naso-pharyngeal affection 
or to a paresis of the olfactory nerve. Unpleasant subjective odours, without 
any apparent cause, are exceedingly rare. 

Disturbances of Hearing. — The power of hearing shows 
great variation during the course of a middle- ear suppuration. 
Such a fluctuation may be attributed partly to the varying degree 
of swelling of the mucous membrane of the middle ear and per- 
meability of the Eustachian tube, and partly to the quantity 
of secretion in the cavum tympani. Changes in the weather 
and temperature exercise a decided influence on the power of 
hearing. Warm and dry weather have a favourable influence, 
while cold and moist weather are decidedly injurious. A tem- 
porary or permanent diminution in the hearing is observed in 
recurrent inflammations of the middle ear, in intercurrent naso- 
pharyngeal catarrhs, in debilitating general affections, after 
parturition, in marasmus, and in general syphilis. Fluctuations 
in the hearing are also observed in extensive hypertrophy of the 
mucous membrane of the middle ear completely enclosing the 
ossicles, in firm adhesions or ankylosis of these bones, and in 
advanced labyrinthine affections. 

After the suppuration has run its course the degree of disturb- 
ance of hearing depends mainly on the pathological changes 
which remain in the middle ear. If the intense swelling of the 
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mucous membrane again subsides, a marked improvement 
in the hearing will always follow, and the hearing function may 
return to almost its normal state even if there are permanent 
changes in the membrana tympani. If, on the other hand, 
the ossicles have become immovable through the formation 
of succulent or cicatricial tissue, and especially if the recesses 
of the round and oval windows have become filled with thick- 
ened mucous membrane, thereby fixing the stapes in the pelvis 
ovalis, no improvement in the hearing, or only one of a slight 
degree, will be noticed after cessation of the discharge. It 
even happens that a striking change for the worse is noticed 
immediately after the cessation of the suppuration, which again 
improves with the reappearance of the discharge. This condi- 
tion may be explained by the fact that the connective tissue, 
which has become firm, again relaxes by the return of the sup- 
puration, and the ossicles thereby attain a greater mobility. 
Slight disturbances of hearing, which follow exhausted middle- 
ear suppurations, often remain stationary for many years. Pro- 
gressive increase in the deafness and a striking change for the 
worse are observed in advanced age and in cachectic individuals. 

The perception through the cranial bones is generally normal. 
It is diminished, or entirely absent, only in advanced age, in 
adhesive middle-ear processes which date from childhood, and/in 
a simultaneous affe’ction of the labyrinth. The results of Weber’s 
test are, as a rule, analogous to those obtained in middle-ear 
catarrhs; the same applies to Khinne’s and Schwabach’s tests 

(p. 282). 

Course and Terminations. — The course of this chronic in- 
flammation depends on the cause, on the local changes in the 
middle ear and labyrinth, on the condition of the naso-pharynx, 
and on the general condition of the patient. Since the ter- 
minations and sequelge of chronic middle-ear suppurations present 
such great variations, we must confine ourselves to a general 
description. 

The suppuration is either of long standing over a period of years 
or only of a short duration of several months. The former is 
observed especially in the lymphatic, tubercular, scarlatinal, 
diphtheritic, and syphilitic forms; furthermore, with diffuse 
granulations, with cholesteatomatous masses, with polypi, and 
with caries. It frequently happens that the discharge ceases 
spontaneously, only to return with or without reactive symptoms 
after a short pause, or after an interval of many years.- The 
relapses are most frequently caused by a cold in the head,_ by 
the entrance of water into the meatus while washing or bathing, 
by intercurrent naso-pharyngeal infections, or by organic or 
general febrile diseases. Eelapses of middle- ear suppuration are 
especially frequent in those cases in which the perforation in the 
membrane remains patent, because the mucous membrane of the 



COURSE OF CHRONIC MIDDLE-EAR SUPPURATION 401 ' 

middle ear is exjDosed to the immediate action of external harmful 
influences. In these cases, the air also enters the tympanic 
cavity more easily when blowing the nose, whereby the bacteria 
in the naso-pharynx are readily forced into the middle ear. The 
time of the year also exercises an influence on the suppurative 
process; this is especially noticeable in children, in whom the 
discharge often ceases in the spring and reappears in the autumn, 
being generally associated with a naso-pharyngeal catarrh. 

It must be mentioned, however, that sometimes, especially in 
the desquamative processes of the middle ear, the suppuration 
apparently ceases in the parts of the tympanic cavity which can 
be easily inspected, while it continues in the antrum or mastoid 
process. 

The suppurative process ceases, as a rule, uniformly over the 
entire mucous membrane of the middle ear and membrana 
tympani. Nevertheless, cases are often seen in which the 
remnant of the membrane is dry and lustrous, while the inner 
tympanic wall is still covered with pus, or vice versa. In like 
manner, in cases of extensive destruction of the membrana tym- 
pani, one finds circumscribed parts of the tympanic mucous 
membrane covered with dry, lustrous cicatricial tissue and epider- 
mis, while other parts are still covered with pus, after the removal 
of which a red, tumefied or granulating area is brought to view.* - 

The appearance of the parts during the suppuration is subject 
to many variations. It is frequently found that the condition 
remains unchanged for years, but more often, however, especially 
after acute intercurrent relapses, one finds within a short time 
quite a different picture from that seen at the previous examina- 
tion. Sometimes, even after an interval of several weeks, there 
will be a marked enlargement, seldom a diminution in the per- 
foration, or one will see a cicatricial adhesion between the mem- 
brane and the deeper parts of the tympanic cavity. In like 
manner, the condition may be entirely altered by the rapid growth 
of granulations and polypi in the middle ear. Occasionally the 
perforation changes its location, inasmuch as it wanders from 
the centre towards the periphery. 

The terminations of chronic suppurations of the middle ear 
are: (1) Cure, after cessation of the suppuration, with complete 
restoration of the hearing; (2) disturbances of hearing of dif- 
ferent degrees up to complete deafness, especially if connective- 
tissue adhesions have formed in the tympanic cavity and in the 
recesses of the windows, by which the ossicles have become im- 
movable and the membrane of the round window abnormally 
thickened; these cases are usually associated with more or less 
permanent destruction of the drum; (3) desquamation and the 
formation of cholesteatoma in the middle ear ; (4) ulcerative and 
cario-necrotic processes in the temporal bone and their sequelae ; 

* Compare Politzer, Atlas, Plate Vn., 12. 
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(5) disturbances in co-ordination, vertigo, and nystagmus due to 
secondary involvement of the labyrinth. This may be in the 
form of a serous' or purulent labyrinthitis (fistular symptom), 
with secondary changes in the auditory nerve. 

We will next discuss the formation of cicatrices on the mem- 
brane, the adhesive processes after exhausted middle-ear sup-' 
purations, the persistence of perforations of the membrana tym- 
pani, and cholesteatoma of the ear. 

I. Closure of the Perforation by Cicatricial Tissue. 

Closure of the perforation of the membrane by a cicatrix 
is more rarely met with in chronic than in acute suppurations 
of the middle ear. The reason for this lies in the fact that in 
chronic cases the epidermis of the external surface of the mem- 
brane often grows over the margins of the perforation before 
cicatricial tissue has had time to develop. As a rule, however, 
a small loss of substance is more often closed by cicatrization 
than an extensive one. 

The cicatrix develops either uniformly from the margins of the perforation, 
or from one part of the orifice (Fig. 199), or a ligamentous bridge is formed, 
which runs directly across the opening, the margins of which become united 
with those of the perforation, making a cicatrix which completely replaces 
the loss of substance. 

The experiments of Rumler {A. /. 0., vol. xxx.) on animals, by which he 
showed that cicatrization of the membrane took place mainly from its external 
epithelial layer, do not apply to all pathological cases, as the author was able 
to demonstrate that the cicatrix also developed from the mucosa of the 
membrane in many of the specimens in his collection (cp. Politzer, Atlas, p. 118). 

The cicatrices usually appear as depressed, sharply-defined, 
dark spots of varying size, at the bases of which irregular light 
reflexes are visible. Their form is either round or elliptical 
(Fig. 201) and often kidney-shaped (Fig. 200). As a rule, only 
one cicatricial depression is found; still, there are not infrequently 
eases in which there are two (Fig. 201) or even more of these scars 
or cicatricial- like depressions, many of which doubtless arise from 
partial atrophy of the remnant of the membrane. The tissue of 
the membrane in the neighbourhood o*f the scar is more or less 
cloudy, thickened in parts, and calcified to a varying extent 
(Figs. 199 and 202). 

Cicatrices are classified into three varieties — the free, the 
applied, and the adherent. The free are, as a rule, of small 
size, and are seldom so depressed as to come into contact with the 
inner tympanic wall. Large cicatrices, especially those situated 
behind the handle of the malleus, almost always lie so close to the 
inner tympanic wall that the contour of the promontory, the recess 
of the round window, the incudo-stapedial articulation or the 
head of the stapes, can be seen almost as clearly as if there were 
an extensive destruction of the membrane (Fig. 204). 
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Cicatrices of the membrane remain either unaltered after 
closure of the perforation, or, later, increase in size. ^ The 
author has repeatedly observed a wandering of the scar in the 



Fig. 199. — ^Perforation in the An- 
terior Inferior Quadrant of 
THE Left Membrana Tyaipani. 

From the posterior margin of the defect 
there extends cioatrieial tissue, which 
does not quite close the gap. Be- 
hind the handle of the malleus is an 
irregular calcareous deposit. From a 
man, 64 years of age. Duration one 
year. After treatment for a fortnight 
the suppuration ceased. Hearing 
distance: Speech = 5 m. 



Fig. 200. — ^Kidney sheafed Cicatrix 
■ below the Handle of the LIal- 
LEUS. 

From a woman, 48 years of age, in whom 
purulent inflammation of the middle 
ear commenced two years ago, but 
ceased after a few weeks. Great de- 
terioration in the hearing power after 
closure of perforation. Hearing 
distance: Watch = in contact with 
auricle. Speech =1 m. 


membrane, and in a number of cases a destruction of the cicatrix, 
during an acute exacerbation of the middle-ear suppuration. 

The diagnosis of free cicatrices is, as a rule, not difficult. 



Fig. 201. — ^Labge Cicatrix behind 
THE Handle op the Malleus. 

Tn a man who suffered in childhood 
from otorrhoea on the right side. 
IVhile under observation a cicatricial- 
lUie atrophy arose in front of the 
handle of the malleus. Hearing dis- 
tance: Watch =0. Speech m. 


Fig. 202. — Cicatrix, the Size of 
A Pin’s Head, in front of the 
Handle of the Malleus; behind 
it, a Semilunar Calcification. 

From a man, 50 years of age, who had a 
discharge from the ear since child- 
hood, but whose hearing became im- 
paired only half a year ago. Hearing 
distance: Acoumeter=J m. Speech 
=4im. 


Small, sharply- defined dark scars may, at the first glance, be 
mistaken for perforations. Such an error may, however, be 
avoided if we take into consideration the absence of the perfora- 






404 DISEASES OF THE EAR 

tion sound during an inflation of air into the middle ear, and the 
subsequent globular bulging of the depressed part above the level 
of the other portions of the membrane. When the Eustachian 
tube is permeable, free cicatrices often present a certain amount 
of mobility due to a change of air-pressure in the tympanic 
cavity during the act of swallowing or during quiet respiration 
through the nose (Blake’s manometrical cicatrix). Such cica- 
trices exhibit a striking degree of mobility while testing with the 
Siegle speculum. Larger thin scars lying against the inner 
tympanic wall are recognized by the shining folds extending from 
the former margins of the perforation to the inner tympanic Avail, 
and by the blister-like, irregular bulging after an inflation of air 
into the middle ear,* causing the structures AA^hich were formerly 
visible on the inner tympanic. Avail to entirely disappear from 



Fig. 203. — ^Laege Heart - shaped 
Cicatrix beloav the Handle of 
THE Malleus; before and behind 

IT TAVO SHARPLY-DEFINED CALCA- 
REOUS Spots. 

From a girl, 19 years old, who suffered 
from otorrhoea since childhood until 
six years ago. Hearing distance: 
Watch =25 cm. Speech =2 m. 



Fig. 204. — ^Large Cicatrix behind 
AND beloav the HANDLE OF THE 
Malleus. 

From a man 34 years old. Duration 
since childhood. After propelling air 
into the middle ear, the cicatrix, lying 
against the wall of the tympanic 
cavity, bulges forward in the form of 
a bubble towards the external meatus . 
Hearing distance: Acoumeter=2 cm. 
Speech =4 m. 


vieAV. The latter procedure is of special diagnostic Amlue in those 
cases in which the scar assumes the form of a blind sac, and in 
which the sides are hidden by the remnant of the membrane 
(Fig. 206). Scars which extend over the posterior half of the 
membrane are sometimes so strongly bulged out by the air- 
douche that the handle of the malleus is almost entirely covered 
by this blister-like protrusion. 

The free cicatrices seldom occasion any striking disturbance 
of hearing, and one is justified in attributing the deafness to 
the cicatrix only if, after the bulging of the same by an air- 
douche, an improvement in the hearing is obtained, which again 
disappears as soon as the cicatrix sinks back into its former 
position. 

* Cp. Politzer, Pl%slische Darstellungen der wiclitigsten Kranlcheiten des 
Trommelfells, No. 11, and Atlas, Plate XII., 22-27. 
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Cicatrices lying in contact with the promontory are, as a rule, 
associated with deafness. A marked improvement in the hearing 
is often obtained if the cicatrix is forced towards the external 
meatus by an inflation of air. This outward bulging of the scar 
may, however, bring about a temporary change for the worse in 
those cases in wdiich there is an interruption in the union be- 
tween the long process of the incus and the head of the stapes, 
and in which the cicatrix lying in contact with the stapes acts as 
the direct means of transmission for the waves of sound. 

b 
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Fig. 205. — Diagrammatic Section in 
MTBUCH THE POSITION OF AN EXTEN- 
SIVE Cicatrix of the Membrana 
T yJIPANI, IN CONTACT WITH THE 

Inner Wall op the Tyjipanic 
Cavity, is illustrated. 

a, Ledge-shaped remnant of the mem- 
brane; b, c, The lateral portions of 
the cicatrix; d, Portion of the cicatrix 
applied to the mner wall of the tjnn- 
panio cavity. 

In larger central defects, cicatrization sometimes takes place without 
involving the inferior end of the malleus, which is inclined inwards. This 
detachment of the handle of the malleus from the membrane, which has 
become soft tiirough inflammation, often occurs during the time of suppura- 
tion, owing to the action of the tensor tympani muscle. The separation is 
either complete, or there are (Fig. 206) bridges of connective tissue or bands 
between the manubrium and the membrana tympani. 

Detachment of the manubrium can be diagnosed in the living only if its 
upper part stands out sharply at some particular place, if the umbo is very 
flat, and if this portion of the membrane is very movable during examination 
with the Siegle speculum. It is seH-evident that the transmission of sound 
from the drum to the ossicles is impaired by the detachment of the malleus 
from the membrane. 

11. Adherent Cicatrices ; Adhesions between the Membrana 
Tympani and the Inner Tympanic Wall ; Connective- 
Tissue Formation in the Cavum Tympani. 

The conditions are different in those cases in Avhich the cicatrix 
of the membrane is united with the inner tympanic wall. Such 
an adhesion may be produced either by the immediate contact of 



Fig. 203.— Detachjibnt of the 
Handle of the Malleus from 
THE Tymfanic Membrane. 

a, Membrana tympani; b. Inferior ex- 
tremity of the handle of the malleus, 
detached from the membrane. 
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the inflamed surface of the membrane and inner tympanic wall, 
which have become denuded of their epithelium, or by granula- 
tions, which bring about an immediate union between the tym- 
panic walls, the ossicles, and the membrane. 

Smaller cicatrices seldom become adherent to the inner tym- 
panic wall. Where this does occur the cicatrices form funnel- 
shaped depressions, which become narrower as they proceed 
inwards, and have black or reddish backgrounds; while test- 
ing with the Siegle speculum, or during an inflation of air into 
the middle ear, it is found that these scars remain stationary or 
exhibit only a slight movement. The author often found 
them below and behind the handle of the malleus (Mgs. 207, 
208), but most frequently in the posterior superior quadrant 



Fig. 207. — Adherent Cicatrices, 
WITH A Reddish-gray Back- 
ground IN THE MeMBRANA TyM- 
PANI BELOW THE HaNDLE OP THE 

Malleus. 

From a girl, 10 years old, who suffered 
for a short time from otorrhma during 
the course of measles in the second 
year of her lif e . Hearing distance for 
the watch =2 cm. For loud speech = 
1 m. 



THROUGH THE EXTERNAL MeATUS 
AND THE TyJIPANIC CaVITY, SHOW- 
ING THE AdHESIOIT OP A CiCATRiX, 
SITUATED BELOW THE HANDLE OP 

THE Malleus, to the Inner 
Wall op the Tympanic Cavity. 

r, Memhrana tympani; a, Cicatrix ad- 
herent to the promontory. 


of the membrane, in which case the incudo-stapedial articu- 
lation or the head qf the stapes alone was embedded in the 
cicatrix. 

It is more often found that large cicatrices lying in immediate 
contact with the inner tympanic wall become partially or wholly 
united. This union usually takes place during the secretory 
stage. The suppuration often ceases after the membrana tympani 
has become adherent to the inner tympanic wall; sometimes, 
howeyer, the discharge continues in spite of this union, or ceases 
in certain portions of the tympanic cavity which have been closed 
off by the adhesions, while it obstinately continues in other 
parts. During the aural examination it is found that the 
adherent parts do not change their position after an inflation 
of air or on testing with the Siegle speculum, while the parts of 
the membrane which are free show a decided mobility. The 
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border betAveen the adherent and the non- adherent parts is 
often demarcated by a -white or gray line, at -which place the 
movements of the free parts are sharply limited. 

The adhesive processes produced by middle-ear suppurations 
are so variable that the conditions found in one ear seldom 
correspond to those found in another. Considering, however, the 
practical significance of this subject, we will briefly detail in the 
following paragraphs the most important conditions met with in 
the adhesive processes. 

A condition most often found is the adhesion of a cicatrix, 
extending over the posterior half of the membrane, to the pos- 
terior and inner walls of the tympanic cavity. This is charac- 
terized by a sharp, semilunar boundary line between the remnant 
of the membrane and cicatrix, and by the marked prominence of 
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Fig. 209. — Horizontal Section 

THROUGH THE MeATUS AND TYM- 
PANIC Cavity. 

tr, Free anterior portion of the mem- 
brana tympani ; n. Cicatrix adherent 
to the posterior and inner walls of the 
tympanic cavity; s, Head of the 
stapes groivn into the cicatrix. 



Fig. 210. — ^Perforation in the An- 
terior Free Portion of the 
Membrana Tyjipani. The Pos- 
terior Superior Portion is ad ■ 

HERENT TO THE PROMONTORY. 

In a woman, aged 28, who had otorrhoea 
since childhood. Acoumeter=^ m. 
Whispered speech =f m. 


the promontory, showing the recess of the round window, the 
incudo-stapedial articulation, or the head of the stapes alone 
when the long process of the incus has been destroyed by caries. 
Sometimes the anterior free part of the membrane is found per- 
forated, while its posterior half is adherent to the inner tympanic 
wall (Pig. 210). 

Large cicatrices which take in nearly the entire area of the 
membrane, and which are united with the inner tympanic wall, 
form blind pouches which separate the inferior and middle 
tympanic spaces of the tympanic cavity .from the Eustachian 
tube, the mastoid antrum, and the upper tympanic space. 
Occasionally, in such cases of adherent culs-de-sac, there is still 
a communication between the tube and the upper tympanic 
space, which can be proved by auscultation. More frequently, 
however, the part of the tympanic cavity outside these sacs is 
so completely filled with connective-tissue masses that the air is 
prevented from entering the middle ear. 
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In the examination of extensive adherent cicatrices, the handle 
of the malleus, which is usually thick and strongly inclined in- 
wards, is seen standing out prominently above the level of the 
cicatrix. The contour of the inner tympanic wall is more 
or less clearly defined. The remnant of the membrane either 
jjasses into the cicatrix without any visible line of demarcation, 
or this place of union is designated by a sharp angular bend. 
The surface of adherent cicatrices appears either dry, lustrous, 
or covered with secretion. 

The diagnosis of these adherent saccular cicatrices, which is 
made by inspection and by the immobility of the parts during 
the examination with Siegle’s speculum, may be substantiated by 
gently touching the dejoressed portions with a blunt probe. If 
the parts which remain immovable on forcing air into the middle 



Fig. 211. — Fbontal Section 

THROUGH THE MeATUS AND TYSI- 
PANic Cavity. 

r, Sickle-shaped remnant of the mem- 
brana tynipani ; t, Cieatrix which ex- 
tends inwards with a sharp bend from 
here and lies upon the promontory (p). 
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Fig. 212. — Large Aperture in the 
Left Membrana Tysipani. 

g. Handle of the malleus ; p, Free rem- 
nant of the membrana tympani; n, 
Adherent cicatrix, extending from the 
posterior remnant of the membrana 
tympani to the inner wall of the tym- 
panic cavity; I, Free margin of the 
cicatrix. 


ear, and during the application of Siegle’s speculum, feel hard 
when touched with a probe, it may be assumed with great proba- 
bility that the cicatrix is united with the bony wall. Although 
some parts of the membrane do yield, it must not be concluded 
that no union exists between the depressed parts and the inner 
tympanic wall; this may be explained by the fact that sometimes 
the connective tissue causing the adhesion is stretched in the shape 
of a band between the membrane and the inner tympanic wall, and 
displays a certain amount of elasticity during the examination. 

The diagnosis of such cicatrices is rendered more difficult if 
the cicatricial tissue is stretched in front of the tympanic orifice 
of the tube, or if the upper part of the sac is perforated, so that 
the air which has been forced through the Eustachian tube 
escapes freely into the external meatus. Under such conditions, 
the parts which are not adherent also remain immovable during 
the inflation of air into the tympanic cavity. 
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Where the defect in the membrane is large, we often find that 
only certain portions of the posterior (Pig. 212), inferior, or 
anterior remnants of the membrane become adherent to the 
inner tympanic wall by the formation of cicatricial tissue; when 
this is the case the diagnosis, as a rule, presents no difficulty. 

The cicatrices which extend from the anterior margin of the 
perforation to the inner wall of the cavum tympani, and which 
form a septum between the tympanic orifice of the tube and 
the tympanum, are of special interest. The diagnosis of such 
a septum stretched before the orifice of the tube can be estab- 
lished with certainty only if one is able to see, through the 
perforation (Fig. 213), the deep-seated, dark-gray cicatrix, which 
is sharply demarcated from the inner tympanic wall; and, further. 
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Fig. 213. — Membranous Septum 
between the Tympanic Cavity 
AND THE Eustachian Tube. 

From a woman, 29 years of age, who 
suffered several years ago from sup. 
puration of the middle ear. Hearing 
distance : Acoumeter = 5 cm . Speech 
=24 m. 



Fig, 214 . — A Septum between the 
Eustachian Tube and the Tym- 
panic Cavity, which is ruptured 
IN Three Places. 

(From a specimen in the author’s 
collection.) 


if it is seen to bulge somewhat during the Valsalvan experiment, 
and to display a distinct mobility during examination with the 
Siegle speculum. 

Such cicatrices sometimes become perforated in one or more 
places, whereby the air escapes freely into the external meatus; 
these perforations are probably caused by the repeated impact 
of the air while blowing the nose (Fig. 214). Such cicatrices are 
easily diagnosed, if a black orifice is visible behind the anterior 
ledge-shaped remnant of the membrane in the anterior part of the 
field of view (Fig. 215), through which bubbles filled with air or 
mucus make their appearance during the Valsalvan experiment. 
Just as in the Eustachian tube, so can the entrance into the 
mastoid antrum be occluded by a membranous septum, and 
become separated from the tympanic cavity. 

In those cases in which the entire inner surface of the retracted 
or flattened, thickened, parchment-like membrane is adherent 
to the wall of the promontory, it appears whitish-yellow and 
opaque, and firm and non-resistant on probing. Sometimes, 
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when the membrane is totally adherent, one finds sharply- 
defined, groove-like depressions on it (Fig. 216), which are pro- 
duced partly by the marked retraction of the cicatricial tissue 
and partly by hand-like thickenings on the surface of the 
membrana tympani. The "handle of the malleus is strongly 
drawn inwards and backwards by such bands (Fig. 216), and 
- sometimes it is united so firmly with the incus and the stapes 
that the power of vibration of the ossicles is reduced to a mini- 
mum. The knowledge that such bands exist is of the greatest 
importance in the operative treatment of these cases. 

The pseudo-membranes which develop in consequence of 
chronic middle- ear suppurations, the adhesions of the cicatrices 
of the membrane, and the immediate union of the remnant of 
the membrane with the inner tympanic wall, divide the middle 



Fig. 215. — Laege Peefoeation in 
THE Membeana Tympani. 

The cicatrix, extending from the anterior 
remnant of the membrana tympani to 
the inner wall of the tympanic cavity, 
is perforated. From a woman, 48 
years of age, who suffered for twenty- 
eight years from otorrhoea. 



Fig. 216. — Cicateioial Depeessions 
AND Band -LIKE Thickenings on 
THE Membeana Tympani. 

From a young man, 19 years of age, who 
suffered in childliood from otorrhoea. 
Hearing distance for speech =5 m. 


ear into a number of irregular spaces, which either communicate 
with each other or are completely separated (Fig. 217). Thus one 
finds in the author’s collection specimens in which the tympanic 
cavity is divided into two parts by a vertical adherent scar 
running from the tympanic membrane to the inner tympanic 
wall; of these two parts, only the anterior one communicates 
with the Eustachian tube. Such cases are easily diagnosed in 
the living with the Siegle speculum. In other specimens the 
tympanic cavity is divided into an upper and lower part by a 
horizontal, thickened membrane stretching from the middle of 
the tympanic membrane to the promontory wall. -- 

Small cavities in the tympanum may dry up, or they may be 
the seat of a mucous or purulent exudation, or they may form 
the place of origin of small cholesteatomatous masses; if these 
cavities lie within the field of view, they appear as white pro- 
minences from which, after they have been opened, the epithelial 
masses protrude. These partially isolated cavities are most 
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frequently found in the posterior superior portion of the tympanic 
cavity; they communicate only with a portion of the upper tym- 
panic space or with the mastoid antrum, and are completely 
separated from the anterior part of the tympanic cavity. Such 
sacculated accumulations of exudate at the posterior superior 
quadrant of the membrane are seen as dark brown (viscid mucus) 
or greenish (pus) globular protuberances (Pig. 218), after the 
incision of which there is a discharge of the secretion. Such 
localized suppurations run a most tedious course, because it is 
difficult to bring about an aseptic condition of the seat of the 
process. 

We must still mention those localized suppurative processes 
which are found at the posterior part of the upper tympanic 





Fig. 217 .— Mejibeanous Beidge 

EXTENDING FBOM THE LIeMBEANA 
TyMPANI (() TO THE InNEB TYM- 
PANIC Wale (ij. 

V, Anterior; h. Posterior part of the 
tympanic cavity. Horizontal section 
through the left ear of a girl who died 
of general paralysis caused by a tumour 
of the brain, and who previously suf- 
fered from suppuration of the middle 
ear. 



THEOHGH THE ExTEENAL MeATHS 

AND Tympanic Cavity in oedee 
TO SHOW AN Encapsulated 
Exudate in the Postbeiob 
Space of the Tympanic Cavity. 

V, Anterior portion of the tympanic 
cavity; t, Membrana tympani; h, 
Adherent handle of the malleus; b. 
Posterior portion of the membrana 
tympani, bulged forward by exudate. 


space and in the mastoid antrum. In these cases the septic 
pcretion, which is generally of a curdy nature, is discharged 
into the external meatus through a small perforation in the 
posterior superior quadrant of the membrane, and the anterior 
portion of the tympanum is, at the same time, completely 
separated from its posterior part by the union of the anterior 
remnant of the membrane with the wall of the promontory 
(Pig. 219). These suppurations, which are often combined with 
caries of the incus, are characterized by their marked resistance 
to all therapeutic measures, and often necessitate more radical 
operative procedures. The same applies to those cases in which 
there, is an adhesion of the superior remnant of the membrane 
and handle of the malleus to the promontory (Pig. 220), whereby 
the attic is completely or partially separated from the inferior 
tympanic space which communicates with the Eustachian tube. 
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Formation of Connective Tissue in the Tympanic Cavity. — 
The connective-tissue formations which develop in the tympanic 
cavity during the course of the adhesive processes and after an 
exhausted middle-ear suppuration exercise a great influence upon 
the disturbances of hearing. They arise from the growth of the 
round cells in the mucous membrane. Such connective-tissue 
masses, which are sometimes soft and yielding and at other times 
tough, and which entirely surround the malleus and body of the 
incus, are most frequently found in the upper tympanic space, 
in the mastoid antrum, and in the recesses of the oval and round 
windows. Occasionally one finds an atresia of the tympanic 
orifice of the Eustachian tube due to the formation of granula- 
tions and connective tissue. We may even find, as many of 
the author’s specimens show, the entire cavum tympani filled 
with new-formed connective tissue. 



Fig. 219. — An Adherent Cicatrix 
IN THE Eight Membrana Tym- 
pani. 

V, The anterior remnant of the mem- 
brane adherent to the promontory; 
s, Capitulum of the stapes, and 
above it an opening extending into 
the upper space of the tympanic 
cavity. 



Fig. 220. — Frontal Section 
through the External Meatus 
AND THE Tympanic Cavity. 

p. Free ledge-shaped remnant of the 
membrana tympani; t, Place of ad- 
hesion of the upper margin of the 
perforation. 


When these connective-tissue masses have existed a long time, 
they may ossify or calcify through the deposit of calcareous salts, 
and may lead to ankylosis of the ossicles and to occlusion of the 
oyal and round windows. The appearances of the membrana 
tympani are most varied. Frequently, as previously described, 
the membrane is found partially or totally united with the inner 
tympanic wall, its adherent and cicatrized surface rough and 
uneven, the contour of the promontory sharply defined, and the 
adherent handle of the malleus projecting forward like a ledge. 

The presence of connective-tissue or calcareous masses in 
the upper tympanic space can be assumed only from the marked 
disturbance of hearing; the same may he said of those products 
of disease embedding the malleus and incus, and which arise 
as the sequeljB of a suppuration of the middle ear. In cases in 
which there is a wide external meatus and a large space between 
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the proinontory and the remnant of the membrane, are we in a 
position to inspect the different parts of the tympanic cavity by 
intratympanal otoscopy; this procedure is carried out with a small 
tympanic mirror, as recommended by Blake and Bing, or with the 
small metallic mirror of Botey (Fig. 221). 

By means of this small mirror one is often able to detect 
adhesions between the handle of the malleus and promontory; 
to find changes on the malleo-incudal body, in the recesses 
of both windows, and on the posterior tymjDanic wall; and to 
see granulations at the tympanic orifice of the tube; further- 
more, to detect the presence of a sequestrum in the attic, and 
to ascertain the extent and nature of the cavities containing 
cholesteatomata, as well as other defects in the temporal bone. 



Fig. 221. 


The disturbances of hearing which arise after adhesive 
processes of the middle ear vary according to the degree of 
obstruction to the conduction of sound in the ossicular chain and 
at the labyrinthine windows. The disturbance of hearing, how- 
ever, is not always in proportion to the anatomical changes. The 
greatest deafness is observed with fixation of the malleus and 
incus through connective-tissue masses in the attic, with con- 
nective-tissue or calcareous fixation of the base of the stapes or 
of its crura, and with thickening of the membrane of the round 
window. If the adhesion is limited to that part of the membrane 
situated below the handle of the malleus, the acuteness of hearing 
may still be quite well preserved. On the other hand, however, 
the hearing is greatly influenced by the tension and rigidity of 
the new-formed bands in those cases in which the handle of the 
malleus is drawn so far inwards that it becomes united with the 
wall of the promontory, and in those cases in which the membrane 
has become united with the incus and stapes. It is only in such 
cases, however, in which the incudo-stapedial articulation has 
become disjointed through the suppurative process that the 
union of the membrane or its cicatrix with the stapes may be of 
advantage, since under such conditions the waves of sound are 
carried directly from the former to the latter. 

III. Persistent Perforation in the Membrana Tympani. 

Persistence of the perforation in the membrana tympani, after 
a suppuration of the middle ear has run its course, is especially 
met with in those extensive losses of substance which extend to 
the tendinous ring; still, one often finds small orifices in the 
membrane, which remain patent during the life of the patient. 
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The author’s investigations show that the most • frequent 
anatomical cause of the persistency of perforations is the 
growth of the epidermis of the external layer of the membrane 
over the margins of the orifice into the .tympanic cavity 
(Fig. 222), thus preventing the formation of a cicatrix. 

Every perforation which remains open for some time after the 
suppuration has ceased must not, however, he looked upon as 
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Fig. 222. — Feontal [^Section 

THEOUGH THE MeATHS~AND MeM- 
BEANA TyMPANI AFTEE A MlDDLE- 

Eae Suppheatiox, with Pee- 

SISTENT PeEFOEATION IN*' THE 

Membeane. 

VI, Head of the hammer; tim. Stump 
of the neck of the hammer; t. Lower 
part of the remnant of the mem- 
brane; p, Perforation in the mem- 
brane; ep'. Epidermis of osseous 
meatus; cp" , pp'" , Epidermis ex- 
tending from the meatus through 
the opening into the cavum tympani. 
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Fig. 223. — Extensive Calci- 
fication OF THE Left Mem- 
BEANA Tympani, affecting 
allitsLayees. FeomaGiel, 
16 Yeaes of Age, who died 

OF PULMONAEY PHTHISIS. 

a. The peripheral portion as well 
as a narrow strip in front of the 
handle of the malleus not calci- 
fied; h. Irregular defect in the 
posterior superior quadrant of the 
membrane. Membrana tympani 
and malleus rigid and immov- 
able; connection between incus 
and stapes destroyed; the latter, 
however, completely movable. 
Similar changes also existed in 
the right ear. The patient could 
understand whispered speech in 
both ears from any part of a 
hospital ward 18 m. long. 


persistent, because we sometimes meet with cases in which 
closure of the orifice by cicatrization ensues only several years 
after cessation of the purulent discharge. 

Persistent perforations change in appearance from time to time. 
Sometimes the^ orifice diminishes to the size of a pin-hole, while 
at other times it enlarges after repeated attacks of the middle-ear 
inflammation even without a return of the otorrhoea. The 
opemng not infrequently changes its location completely. In a 
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case in wliicli there was a perforation in the membrane the 
size of a lentil below the handle of the- malleus, a polyp was 
seen to project through the orifice; this was removed, and six 
months later the author found the memhrane_ dry, with a large 
chalk deposit at the former site of perforation, and a round 
opening the size of a pin-head at the posterior superior quadrant 
of the membrane. In like manner one not infrequently finds 
at a subsequent examination chalk deposits, atrophic depressions, 
and adhesions on the remnant of the membrane, of which there 
were not the least traces at the previous examination. 

In reference to the hearing function in persistent perforations, 
observations show that whispered speech can be understood 
at some distance with large defects in the membrane, even if 
the malleus and incus are exfoliated, or if the hammer has 
become fixed owing to an almost incomplete calcification of the 
remnant of the membrane (Fig. 223) ; this applies, however, only 
to those cases in which the foot-plate of the stapes is movable in 
the oval window, and in which the membrane of the round 
window is not thickened. Hearing is accomplished, in these 
cases, by the direct transmission of the waves of sound to the 
vdndows of the labyrinth. When we find that the hearing is well 
preserved in persistent perforations, we can conclude that no 
obstacles to the conduction of sound were created at the labyrin- 
thine windows by the suppurative process. Marked disturbances 
in the hearing, with large defects of the membrane, are brought 
about either by the presence of contracted masses of new-formed 
connective tissue at the labyrinthine vdndows, or by the retrac- 
tion and adhesion of the handle of the malleus; these conditions 
cause the long process of the incus to exert a certain pressure 
upon the stapes, whereby it is forced inwards and fixed in this 
position. This is a frequent cause of marked deafness in persis- 
tent perforations, and it is well to know this, as we can bring about 
a striking improvement in hearing by the removal of this constant 
pressure upon the stapes. 

The power of hearing in the so-called dry perforations is not 
subject to such marked variations as is seen in the exudative 
stage of the process; nor do these variations show, on the whole, 
that progressive character as is observed in the chronic adhesive 
processes running their course without perforation. We not 
infrequently find that the disturbance of hearing remains 
stationary for years after suppuration has ceased, and even may 
stay so during the life of the individual. Frequently, however, 
one also observes, especially in old people, a diminution in the 
hearing which is either progressive or intermittent, and which 
finally leads to total deafness. Such a disturbance is caused by 
the constantly increasing rigidity of the newly-formed connective 
tissue and ankylosis of the ossicles, and by the secondary changes 
m the labyrinth, to which reference will again be made under 
Diseases of the Auditory Nerve. 
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IV. The Desquamative Processes and the Formation 
of Cholesteatomata in the Ear in Chronic 
Middle-Ear Suppurations. 

In the chronic middle-ear suppurations, excessive production 
and desquamation of epithelial cells take place in the mucous 
membrane of the middle ear, and particularly in the external 
meatus. For this reason the secretion almost always contains, in 
addition to pus cells, epithelial cells in larger or smaller masses. 

If the production of epithelium is not excessive, and there is 
no great obstruction to the flow of pus mixed with the epithelium, 
the process may continue for years without causing an accu- 
mulation of epithelium in the middle ear. On the other hand, 
A^dlere, during the suppuration, the desquamation of the pro- 
liferating epithelium is excessive, so that it pushes its way 
from the external meatus into the tympanic cavity through the 
perforation, the epithelial masses form large Avhite or yelloAv 
lumps, Avhich collect in the cavum tympani and external meatus. 
In addition to this excessive epithelial desquamation, we find that 
it is especially the obstructed flow of the secretion which favours 
tlie accumulation of epithelial lumps in the deeper parts of the 
ear. The folloAving conditions hinder the free discharge of this 
secretion: A narroAving of the external meatus, multiple formation 
of polypi, adhesions between the membrana tympani and the 
inner tympanic AA^all, and the formation of sacculated spaces in the 
tympanic cavity. In cases of small perforations in the posterior 
superior quadrant of the membrane, and in Shrapnell’s mem- 
brane, the secretion is of a curdy nature, and contains small lumps 
of epithelial cells. 

The formation of such retention masses may go on for years 
AAuthout causing any special symptoms. Sometimes larger masses 
are discharged spontaneously, giving rise to severe pain. Not 
infrequently after these products haAm been retained for a long 
time they break down into a smeary, foul-smelling mass, con- 
sisting of granular detritus Avith numerous cocci. Such a 
degeneration is brought about by the action of the bacteria of 
putrefaction, and may sometimes lead to ulceration of the bone, 
AAdth a fatal termination. One A’-ery frequently finds these de- 
cayed masses at the ‘post-mortem examination of those cases in 
AA’hich death Avas occasioned by a cerebral complication, or sinus 
phlebitis owing to caries or necrosis of the temporal bone. 

In addition to those structureless incoherent masses of desqua- 
mation which take their origin from the external meatus and 
middle ear, Ave often observe the growth of circumscribed tumours 
which are coA'^ered with a glistening mother-of-pearl pellicle, and 
which are composed of a homogeneous mass, or of concentric 
stratified lamellae. These tumours, AAdiich present the form, 
appearance, and structure of cholesteatomata in other organs, 
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begin to develop either during the time of suppuration or after 
the process has run its course. The term ‘ cholesteatoma of the 
ear ’ has been introduced into otology as an appropriate name 
for these tumours,, as well as for those structureless accumula- 
tions of epidermis which have been previously mentioned. 

The lining membrane of the cavities in the temporal bone, which have become 
enlarged by the growth of the cholesteatoma, presents a tendon-gray, smooth, 
shining, mother-of-pearl appearance, and is covered with a layer which is firmly 
united with the bone, and resembles the rete Malpighii. The superficial 
cellular layer of this lining coat consists of polygonal, non-nucleated, squamous 
cells, which go to form the cholesteatoma (Steinbriigge and Kulm), and 
through the further production of which the onion-like, stratified choles- 
teatoma is developed. ICirchner {A. f. 0., vol. xxxi.) found on sections of 
the bony wall surrounding the matrix that the cholesteatomatous masses 
forced their way into the Haversian canals, winch explains the reason for the 
obstinate relapses of cholesteatomata even after the operative opening up of 
the middle-ear spaces. 

That cholesteatoma in the ear has been long known to pathologists is seen 
from the witings of Cruveillucr,* Roldtansky,t Virchow.t and others. There 
is still, however, a great diversity of opinion in regard to the origin of these 
accumulations of epidermis. Virchow (Zoc. cit.), Mikulicz, § and KiisterU 
explain the occurrence of cholesteatoma in the temporal bone as a hetero- 
plastic formation; v. Troltsch^I regards it as a retention tumour; Wendt** as 
the product of a desquamative inflammation of the mucous membrane of the 
middle ear; wliile Bezoldff and Habermannjf consider it the result of the 
inward growth of the epidermis of the external ear tlirough the pferfora- 
tion of the membrane into the tympanic cavity. Leutert§§ distinguishes a 
real tumefaction and'cholesteatoma, brought about by the implantation of the 
remnants of the tympanic membrane, which are covered with epidermis. 

Primary cholesteatoma in the temporal bone is, on the whole, 
very rare. Virchow’s investigations leave us in doubt as to 
whether these heteroplastic tumours, embedded in the petrous 
bone, penetrated the tymi^anic walls during their growth, or 
whether they arose primarily in the middle ear, and had worn 
away the bone through constant pressure. Luc8el||| observed a 
rare case of primary cholesteatoma, in which the growth took its 
origin from the mucous membrane of the tympanic cavity, and in 
which there were no traces of a suppurative inflammation, nor of 
a perforation of the membrane. Erdheim adds two more cases, 
in Avhich there were absolutely no signs of immigration. Kuhn^^ 
describes a case of primary cholesteatoma in a man, fifty-one 
years of age, who had suffered for one year from tinnitus, dizzi- 
ness, and hardness of hearing. This patient caught a cold, upon 
which a suppurative inflammation of the middle ear developed 
with marked reactive symptoms, great pain, and the formation 

* Anatomie 'pathologique, T. II. 

t Lehrbuch d. patholog. Anat., vol. i., p. 121. 

t Archiv, 1885, vol. viii., p. 371. § Wien. med. Wochenschr., 1879. 

II Verb. d. Bed. med.Ges., 189Q. ^ Arch. f. Ohrenh., 18G8. 

**- Arch. f. Heilh., vol. xiv. tt Zeitschr. f. Ohrenh., 1889, vol. xx. 

ft Arch.f. Ohrenh., vol. xvii. §§ Arch.f. Ohrenh., vol. xxxix. 

nil Verh, d, BerL med, Ges,, 1886. Zeitschr, f. Ohrenh,^ vol. xxi. - 
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of an abscess in the mastoid process. Opening up of the mastoid 
revealed the presence of a cholesteatoma the size of a hen’s egg, 
after the removal of which a cavity was discovered about the 
size of a child’s fist, in which the exposed sigmoid sinus and a 
portion of the anterior inferior lobe of the cerebellum with its 
intact covering could be seen. Korner {Zeitsclir. f. Ohrenheilh., 
vol. xxxvii.) reports a case of primary cholesteatoma twice the 
size of a hen’s egg, which broke down into pus owing to an acute 
middle-ear suppuration, and which extended from the petrous 
bone to the torcular Herophili. It, furthermore, pressed the 
inferior portion of the occipital lobe and cerebellum low down, 
and caused the occipital and squamous bones and the base of 
the pyramid of the petrous bone to become destroyed through 
constant pressure. 

Clinical and pathological observations have shown beyond a 
doubt that theformationof cholesteatomata of the ear is secondary 
in the great majority of cases. .Even if it must be admitted that 
secondary cholesteatomata are very often caused by the entrance 
of the epidermis of the external meatus into the middle ear,* the 
author is, however, of the opinion, based on the observation of a 
considerable number of specimens in his collection, that they 
may develop primarily in the middle ear itself. This applies 
especially to the cholesteatomata in the mastoid antrum and 
cells (Rohrer).| The fact that non-nucleated squamous cells are 
very often present in these masses speaks in favour of this. 

The independent development of epidermic elements in tlie 
tympanic cavity and in the mastoid process can take place only 
if the mucous membrane of the middle ear has become epider- 
mized. In the author’s opinion, the dermic transformation of 
the mucous membrane, which has become greatly changed in 
structure, usually takes place through the continuity of the 
lining membrane of the middle ear and external meatus, which 
has been brought about by the growth of the epidermis of the 
external meatus, with its rete Malpighii, into the tympanic 
cavity through the perforation in the drum. 

The mere invasion of the epidermis of the external meatus into the tympanic 
cavity does not in itself lead to the formation of cholesteatomatous masses. 
This is shown by the epidermic blind pouches first described by Schwartze,t 
and also observed by the author in a vast number of specimens. These pouches 
extend from the external meatus into the cavum tympani and mastoid 
antrum, and may persist as such during the entire life of the patient. The 
inward growth of the epidermis of the external meatus towards the tym- 
panic cavity, without the formation of cholesteatomata, takes place more often 
than is generally supposed. This is evident from the many specimens of 

* Eohrer, Contribution A la Pathologie du Gholesteatome de VOreille. 
Revue de Laryngologie et d'Otologie dti Dr. Moure, 1892. 

t According to Leutert, also by growth into the bone-cells which have 
been opened by operative procedures. 

$ Pathdogische Anatomic des Ohres, 1878. 
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exhausted middle-ear suppurations with extensive perforations of the mem- 
brane which the author has had occasion to examine, and in which no 
trace of an accumulation of epidermis in the tympanic cavity was seen 
macroscopically, but in which he could show microscopically in serial sections 
that the epidermis of the external meatus had extended to the inner tympanic 
wall. The invasion of the epidermis of the meatus into the middle ear leads 
to the secondary formation of cholesteatomata only Avhen there is an excessive 
growth of epidermis in the external auditory canal, which is associated Avith 
a marked desquamation of the lining membrane of the middle ear. 

The membranous or bony closure of the tympanic orifice of the 
Eustachian tube, which sometimes takes place during the course 
of a suppuration of the middle ear, is another factor Avhich is 
conducive to the invasion of the epidermis of the external meatus 
into the tympanic cavity. If the communication between the 
naso-pharynx and the tympanic cavity is interrupted through 
closure of the tube, the epithelium of the middle ear loses its 
poAver of resistance, and is easily pushed aside by the invading 
epidermis of the external meatus.* 

It is found that the larger the defect in the membrana tympani, 
the more easily does the epidermis of the external meatus force 
its way into the middle ear. Where the perforation is centrally 
located, the invasion is rendered more difficult than if it were 
at the periphery. This is shown by the more frequent occur- 
rence of cholesteatomata in cases in which small perforations are 
situated in the posterior superior quadrant of the membrane or 
in perforations of the pars flaccida (Morpurgo, Bezold). Accord- 
ing to the author’s observations, cholesteatomata are seldom 
met with in the middle ear when the peripheral perforations 
are located in the anterior inferior quadrant of the tympanic 
membrane. 

With perforations of the pars flaccida the invasion takes place 
the more easily, because a more highly developed band of cutis 
and epidermis extends from the superior wall of the meatus to 
the membrana tympani; in other Avords, a more intensive 
groAvth of epidermis is found at this part than in other parts of 
the meatus. 

The path of invasion of cholesteatomata is not ahvays through the per- 
forated membrane. In a case described by the author (loc. cit.) of choles- 
teatoma in the mastoid, he could demonstrate the entrance of the epidermis 
into the spacious cells through a fistula in the cortical layer of the mastoid 
and through a second fistula in the posterior Avail of the meatus. 

The size of cholesteatomata varies from a hemp-seed to that 
of a Avalnut and over. Their form is round or oval; they may 
correspond to the concavities of the middle ear, or they may show 
a very irregular outline, in conformity with the cavities in the 
temporal bone which have been produced by the destruction and 

* A. Politzer, Das Gholesteatom des Gehororgans vom anatomiscTien und 
klinisclien Standpunkfe. Wien. med. Wochenschr., 1891, 8-12. 
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absorption of the bony tissue. The surface, -which is usually 
iridescent, is smooth or glandular, Avith club- or nipple-shaped 
projections. The masses sometimes sIioav on cross-section a 
stratified, laminated, iridescent structure of various colours, 
occasionally present the appearance of freshly-made cheese, 
and at times have a degenerated core. 

Thej' consist of large, round or polygonal, often non-nucleated, squamous, 
epithelial cells, with the addition of granules, giant cells, fat globules, 
cholesterin crj'stals, and bacteria. Caseated exudate or semi-fluid masses of 
detritus are occasionally found alongside of, and between, the epithelial 
masses. 

Cholesteatomata are most frequently located in the mastoid 
antrum, mastoid process, the upi^er tympanic space, and the 
external attic. Circumscribed accumulations in the cells border- 
ing on the Avails of the meatus and in the squamous portion of the 
temporal bone are of rare occurrence. 

Cholesteatomata may attain a considerable size Avithout the 
least sign of caries or absorption of the temporal bone. Some- 
times, hoAvever, Avhen there are small or large tumours, one 
finds, in addition to an extensive ivory-like sclerosis, defects 
and excavations in the bone; these are produced partly by the 
continuous pressure of the masses, and partly by atrophy 
of the bone, Avhich is associated Avith a pathological change in 
the lining membrane of the middle ear. Frequently, hoAvever, 
defects are found in the temporal bone before the formation of 
the cholesteatoma, Avhich are brought about by carious destruc- 
tion or exfoliation of necrotic bone, and Avhich may become 
larger by the groAvth of the cholesteatoma.* 

Defects of this class most frequently inAmlve the margo 
tympanicus of the temporal hone, a large part of the posterior 
and superior Avails of the osseous meatus, and the mastoid 
process. 

We therefore often meet Avith a very extensWe loss of substance 
in the temporal bone, through Avhich the tympanic cavity, the- 
external meatus, and mastoid process are converted into one 
common, irregular cavity. Sometimes a portion of the petrous 
bone is also inA'-oWed in the process. 

Symptoms. — Accumulations of cholesteatomata in the tem- 
poral bone may exist for years Avithout giving rise to any 
symptoms. They often cause a feeling of heaviness and pres- 
sure in the corresponding side of the head, headaches, and 
dizziness, A^'ithout the presence of any inflammatory phenomena. 
Ovring to some external influence, as, for example, the entrance 
of fluids into the external meatus, an inflammatory condition 

* Cp. Biehl, Wien. Idin. Rundschmi, 1898; Moses, Miinclien. med. 
Woclienschr., 1898; Grunert, Berl. Min. WochenscJir., 1893; Steinbriigge, 
Z. f. 0., Bd. viii. and ix. 
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is producsd in the deeper parts of the temporal bone, with very 
severe reactive phenomena due to the rapid swelling of the 
epidermic masses; this may lead either to the spontaneous 
expulsion of the cholesteatoma through the perforation in the 
membrane, with complete disappearance of the troublesome 
symptoms, or to a penetration of the mass into the cranial 
cavity, ending fatally with meningeal symptoms. The inflam- 
mations of the attic and mastoid process produced by the 
cholesteatoma are often accompanied by a sinking of the 
posterior superior wall of the meatus. 

Terminations — (1) Spontaneous Expulsion of the Mass. — 
This is occasioned by the rapid swelling of the mass, and by the 
pressure of the fluid secretion behind it. The mass reaches the 
external meatus either through the perforation in the membrane 
or through a defect of the bone in the posterior wall of the meatus ; 
it rarely forces its way through the Eustachian tube into the 
naso-pharynx or, after destruction of the anterior wall of the 
meatus, into the maxillary joint. The cholesteatoma may also 
perforate the outer covering of the mastoid process with the 
symptoms of an abscess. Jansen has repeatedly observed with 
cholesteatoma, a fistula in the horizontal semicircular canal. 

(2) Death. — {a) Through pyaemia in consequence of bacterial 
infection of the secretion lying behind the cholesteatomatous 
masses. This termination may take place as the result of a 
septic ostitis alone, without the least sign of a necrotic con- 
dition of the temporal bone. 

{h) Through meningitis, brain abscess, erosion of the sigmoid 
sinus or jugular fossa with sinus phlebitis and otorrhagia. These 
complications are brought either by caries and necrosis of the 
temporal bone, which are associated with the formation of the 
cholesteatoma, or by the immediate perforation of the mass 
through the roof of the tympanum and mastoid, or through 
the posterior wall of the petrous bone towards the cranial 
cavity. 

Diagnosis. — The diagnosis of cholesteatomatous accumulations 
in the middle ear can be made with certainty only when the 
whitish-yellow epidermal masses can be seen in the external 
meatus or in the lower part of the tympanic cavity. In cases 
of large perforation of the tympanic membrane the small whitish- 
yellow epidermic masses* which protrude from the upper rem- 
nant of the drum are important in making the diagnosis of 
cholesteatoma in the attic or antrum. The diagnosis in such 
cases is substantiated by the marked growth of epidermis in 
the external meatus, which can be traced as far as the tympanic 
cavity. Cholesteatoma in Prussak’s space can he diagnosed 
by the appearance of a white mass in the perforated Shrapnell’s 
membrane, which feels doughy on probing. The frequent 
* Politzer, Atlas, Plate XIV., 25-26. 
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appearance of small gritty lumps or large whitish-yellow strings 
in the water after syringing indicate the presence of caseated 
or cholesteatomatous masses in the middle ear; these accumula- 
tions can be ground up with the fingers, possess a foul odour, 
and show under the microscope pus, cocci, fatty degenerated 
epithelium, and cholesterin crystals (Alexander). The diagnosis 
is substantiated if these characteristic, granules and lumps 
reappear repeatedly in the secretion for several days after the 
middle ear has been thoroughly cleansed. The author usually 
found this peculiarity of the secretion in protracted and obstinate 
suppurations which were not profuse, and in perforation of 
Shrapnell’s membrane; furthermore, in adhesions between the 
membrane and wall of the promontory where the secretion could 
escape only through a small fistulous opening in the posterior 
superior quadrant of the membrane, in protracted suppurations 
of the mastoid antrum, and in fistulous openings in the osseous 
meatus. Chronic middle-ear suppurations in lymphatic and 
tubercular individuals present a secretion of a similar nature. 

On the other hand, the diagnosis cannot be made in those cases 
in which circumscribed cholesteatomata, surrounded by a delicate 
covering, are embedded in the mastoid process, or are situated in 
the upper tympanic space. The presence of such tumours in the 
deeper parts is often discovered only when they begin to break 
down in the course of treatment, inasmuch as small pieces are 
usually expelled through the perforation of the membrane, or 
they bore through the cortical layer of the mastoid process. 
Where the desquamation in the middle ear can be demon- 
strated, and especially where a continuous expulsion of the 
before-mentioned gritty lumps and often-recurring pains in 
the mastoid are noticed, we can conclude ■ with certainty 
that there is a cholesteatoma in the mastoid process. This 
is- an important indication for the operative opening up of the 
mastoid. 

Prognosis. — The prognosis of cholesteatoma depends on its 
location, its extent, and on the changes in the ear. Cases 
are exceedingly rare in which a permanent cure is obtained 
after spontaneous expulsion of the mass or after conservative 
treatment. In many cases cure is not attained until the middle-ear 
spaces have been laid open by operative measures, and even this is 
not always successful. According to Bezold {Z. f. 0., vol. xiv.) 
and Grunert (A. f. 0., vol. xl.), relapses are less likely to occur 
when the cavity containing the cholesteatoma is very large and 
exposed to the external atmosphere through a wide opening in 
the meatus or in the mastoid process.- As a rule, a chole- 
steatoma must be regarded, on account of its frequent relapses, 
as a serious sequela of a suppuration of the middle ear. The 
causes of these relapses during the time of suppuration may be 
attributed to an obstruction which prevents the secption from 
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being discharged, to the continuous desquamation in the external 
and middle ears after cessation of the suppuration, and to the 
extension of the epithelial growth into the bone spaces of the 
tympanic walls. In some cases the invasion of the epidermis 
into the tympanic cavity forms blind sacs, which persist without 
giving rise to any complications; in other cases, however, in 
which there may or may not be symptoms of suppuration, there 
is a gradual or rapid expulsion of the thickened epithelium in the 
form of flat sheaths and an accumulation of the cholesteatomatous 
mass, which rapidly fill the cavities of the temporal bone. In 
those cases in which inspection reveals a middle-ear suppuration 
with desquamation, we must not conclude that a cure has been 
obtained by the cessation of the discharge, as headache, dizziness, 
or pysemic symptoms often arise suddenly some weeks or months 
later; where such phenomena present themselves, and where 
the . degenerated cholesteatomatous masses in the antrum and 
mastoid process are the causes of these threatening symptoms, 
the radical mastoid operation is indicated.* 

For the treatment of cholesteatoma the reader is referred to the section on 
Treatment of Chronic Suppurations of the Middle Ear, 

We must also make a few remarks here on the formation of 
crusts in the external and middle ears. In those cases in which 
the discharge is slight, they develop as the result of the drying 
up of the secretion which has been allowed to rernain. The 
brownish-green crusts, which are often in the shape of small 
tubes, usually lie in the inner portion of the osseous meatus and 
on the remnant of the drum, and not infrequently extend into 
the tympanic cavity. They are sometimes so adherent that they 
can be removed only with difficulty with a blunt probe. Occa- 
sionally the middle-ear suppuration subsides with the formation 
of a crust, which remains adherent for a long time, and which 
is cast off spontaneously. Often, however, the suppuration 
continues under the crust, and one finds, after its removal, a 
purulent surface which is occasionally covered with granulations. 
Crusts which form in the deeper parts of the ear after the 
suppuration has run its course must, therefore, always be 
removed (vide Treatment). Small perforations are sometimes 
occluded by plug-like crusts, and are thus prevented from closing. 

Small, dry, firmly-adherent crusts are observed now and then 
at the base of retracted, adherent cicatrices of the membrane. 
They are frequently noticed in cicatricial retractions of Shrap- 
nelTs membrane, and on cicatrices in the posterior superior 
quadrant of the membrane, which are united with the incudo- 
stapedial articulation, or with the head of the stapes which has 

* A review of the present theory as to the development of cholesteatoma 
IS found in Grunert, Miinclien. med. Woclienschr,, 1904; and Dolger, Die 
Mittelohreiterungen. Munchen, 1903. 
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become separated from the incus. The removal of such crusts 
is important, as the author has repeatedly seen a striking im- 
provement in the hearing follo'w. 

Prognosis of Chronic Middle-Ear Suppuration. — The prog- 
nosis of chronic middle-ear suppuration is generally uncertain, 
for, as long as the suppurative process continues, we cannot 
positively foretell what the termination will be. However, the 
prognosis depends on such important data as the cause of the 
disease, the local changes in the external and middle ear, and the 
general condition of the patient. 

The prognosis is favourable in the uncomplicated forms, and in 
healthy, robust individuals. The following local changes in the 
middle ear may be regarded as favourable prognostic signs: 
Defects in the membrana tympani which are centrally located, 
and not peripheral perforations in the anterior inferior quadrant; 
a smooth, non-granulating mucous membrane of the tympanic 
cavity, which is not much thickened and has no epidermal layer 
upon it; a permeable Eustachian tube; and a moderate, non-foetid 
purulent discharge. 

The prognosis is less favourable, on the other hand, in those 
middle-ear suppurations arising in the course of scarlet fever, 
measles, influenza, typhoid, scrofula, syphilis, diabetes, leucfemia, 
and other forms of cachexia, and in those cases associated with 
chronic naso-pharyngeal affections, adenoids, and tonsils. Un- 
favourable prognostic local changes are : Profuse blennorrhceic or 
protracted foetid secretion, peripheral defects in the posterior 
superior quadrant of the membrane, perforation of Shrapnell's 
membrane, excessive growth of the middle-ear mucous mem- 
brane, with extensive formation of granulations (aural polypi); 
furthermore, a whitish-gray epidermal layer on the promontory 
wall, polypoid degeneration of the membrana tympani, ulceration 
of the lining membrane and bony walls of the middle ear, marked 
stricture of the Eustachian tube, cholesteatomatous formation in 
the middle ear, paresis and paralysis of the facial nerve, and, 
finallj’-, strictures and ulcerations in the external meatus. 
According to Kdrner, the frequent return of intercurrent inflam- 
mations is an unfavourable prognostic sign. 

It is difficult to determine, in the exudative stage, the prognosis 
as to the improvement in hearing. This may be explained by 
the fact that the disturbance of hearing is not always caused 
b}'^ permanent changes in the sound-conducting apparatus, but 
may be due to simple swelling of the mucous membrane covering 
the ossicles and labyrinthine windows, which may almost entirely 
subside after cessation of the suppuration. As a rule, however, 
we are justified in giving a more favourable prognosis in those 
cases in which the disturbance of hearing is slight, or in which a 
striking improvement is obtained after an inflation of air into 
the middle ear, than in those cases in which the greatly reduced 
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hearing power undergoes only a slight alteration after the 
Eustachian tube has been rendered permeable. _ The prognosis 
is worse where there is an exfoliation of the ossicles, a marked 
stricture of the meatus leading to its occlusion, and closure of 
the tympanic orifice of the Eustachian tube. 

The prognosis as to the hearing after cessation of the discharge 
is most favourable where only a slight disturbance in the hearing 
remains after cicatrization of the perforation; it is unfavourable, 
however, in those cases in wliich there is a marked diminution 
in the hearing after closure of the perforation, as from this fact 
it may be concluded that there is a hindrance to the conduction 
of sound at the malleus or incus. 

Where the perforation remains patent, the prognosis is more 
favourable if the hearing distance remains stationary in spite 
of the long duration of the process; it is unfavourable, however, 
if, after cessation of the suppuration, a marked deafness remains 
which does not show any change after the Eustachian tube has 
been rendered permeable, after pneumo-massage, or after the 
application of an artificial membrana tympani. The jirognosis 
is worse if the deafness is progressive, and if it is associated with 
continuous subjective noises and with a shortened perception 
for the tone of the tuning-fork through the cranial bones 
(Sehwabach). 

The Treatment of Chronic Middle-Ear Suppuration, 

The treatment of chronic middle-ear suppuration depends 
principally on the objective changes in the ear. In cases in 
which inspection shows merely a swelling of the mucous mem- 
brane without signs of caries of the tympanic walls, the treatment 
is different from that employed in cases in which one finds polypi 
and granulations in the tympanic cavity, or on the remnant of 
the membrane, or in which examination reveals a caries of the 
temporal bone, or cholesteatomata in the middle ear. The 
former should be designated as an uncomplicated, the latter as a 
complicated otitis. That the method of treatment is subject 
to many modifications, depending on the quality and quantity 
of the discharge, on the location and size of the perforation 
in the membrane, on the secondary changes in the external 
meatus, and on the general condition of the patient, will be seen 
from the following paragraphs.* 

The secretion of this form of disease is always septic on account 
of its stagnation in the cellular accessory cavities of the middle 
ear, and its infection with putrefactive bacteria. This is the 
reason why we so often find a diseased condition of the temporal 

* Cp. G. Field, Harveian Lectures, On the Pathology and Treatment of 
Suppurative Diseases of the Ear, 1892; V. Grazzi, Mannale d. Otologia, 
Firenze, 1890; L. Sune y Molist, La Otorrea en general, Tratamiento, Rev, 
Otologica de Alcala de Henares, 1883. 
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bone leading to severe complications. Considering the con- 
struction of the temporal hone^ which is so favourable for the 
development of necrotic processes, one would expect serious 
complications much more often. The reason for this is that 
during the suppuration, the pneumatic spaces of the temporal hone 
are obliterated by the formation of granulation tissue, whereupon 
the discharge of pus ceases. 

The main objects in the local treatment of this disease are, 
first, to diminish the inflammatory conditions of the mucous 
membrane of the middle ear, thereby arresting the purulent 
discharge; and secondly, to prevent the development of serious 
complications. -These are accomplished by the removal of all 
obstacles which favour the stagnation of the secretion in the 
middle ear, by the mechanical removal of the secretion, and by the 
application of medicaments to the mucous membrane which 
will arrest the discharge. When this conservative treatment 
does not bring about the desired effect, we may justly resort to 
operative measures.* 

The secretion is removed from the middle ear by inflations of 
air per tubavi, combined with rarefaction of the air in the 
external meatus. The author’s method of inflation proves 
advantageous in the great majority of cases. Catheterization 
should be employed only if there are marked obstructions to the 
entrance of air into the middle ear, owing to great swelling of the 
mucous membrane of the tube, or to granulations, polypi, and 
products of desquamation in the tympanic cavity and in the 
meatus. 

Through the inflation of air per iubam the secretion is often 
only forced out of the tube and anterior portion of the tynipanic 
cavity into the external meatus, while the pus lying in the 
posterior part of the middle ear and mastoid antrum is hardly 
affected by the current of air. The author has therefore used, 
in the last few years, the combination of inflations through 
the Eustachian tube and the rarefaction of the air in the 
external meatus in the treatment of chronic middle-ear suppura- 
tions. By rarefaction of the air in the external meatus it is 
often possible to aspirate a large quantity of secretion from the 
middle ear into the canal, which cannot be accomplished by the 
air- douche alone. 

The secretion which has been forced out of the middle ear is 
then removed by irrigation. When the obstruction in the 
Eustachian tube is slight, the injected fluid is sometimes forced 
back into the pharynx, whereupon it is expelled through the 
nose. Sometimes marked dizziness is caused by the sudden 
increased pressure of the injected fluid against the labyrinthine 
windows; this dizziness can also be brought about by merely 

* E. Bloch, Die operative Beliandlung der Mitteldlireiteningen. Miinchen. 
vied. Woelienschr., 1897. 
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irrigating th© ear witli tepid, or warm water owing to a stimulation 
of the labyrinthine fluid. When this does occur, we must stop 
the irrigation, whereupon the parts soon return to their normal 
state. When, however^ the vertigo is very severe, it can be 
readily relieved by an inflation of air by the author’s method, 
or by the rarefaction of the air in the external meatus. Where 
the otorrhoea is profuse, the ear should be syringed every two 
or three hours, and less frequently as the charge diminishes. 

Syringing the ear in ehronic middle-ear suppurations is of great importance. 
This can be seen from the fact that very often one finds at the first examination 
of neglected cases a thickened, foul-smelling mass of secretion which is infil- 
trated with vibriones and bacteria, after the removal of which granulations 
and polypoid growths are found on the remnant of the membrane, or on the 
tympanic mucous membrane. 

Various solutions may be used for syringing as long as they 
have cleansing and antiseptic properties. Ordinarily, a sterile 
saline solution or a boracic acid solution at a temperature from 
90° to 95° P. is sufficient. When the discharge is profuse and foul- 
smelling, it is well to add some stronger antiseptic solution, as 
lysol, permanganate of potash, zonite, etc. Where the discharge 
is profuse and blennorrhoeic in character, the author has seen a 
rapid diminution and cessation follow the use of a 0-3 litre of 
warm water, to’which 4-5 drops of the oil of turpentine have been 
added (not spirit of turpentine). 

The fluid which remains behind in the deeper parts of the ear 
after syringing must be removed with small, sterilized, cotton 
tampons in order to obtain a clear view of the deeper structures. 
Carefully cleansing the ear, without any other medication, is 
frequently all that is necessary to arrest the suppuration. In 
some cases of chronic middle-ear suppuration, however, syringing 
is harmful, as the injected fluid often acts as an irritant, causing 
the discharge to continue. When irrigations are stopped, one 
soon notices an improvement in that the suppuration gradually 
diminishes and often ceases entirely. In many cases, however, 
the discharge can be arrested only by the application of drugs. 

The medicaments are employed either in the form of solutions 
or powders. Fluids should always be slightly warmed before 
instillation. Solutions which have not been warmed often cause 
pain and attacks of dizziness. When the perforation in the ' 
membrane is large, the fluid can easily reach the tyihpanic cavity, 
so that the mucous membrane is bathed to a large extent. With 
small perforations, on the other hand, when the entrance of the 
fluid into the middle ear is prevented, it is recommended to press 
the tragus over the external auditory orifice in an inward direc- 
tion, whereby the medicament is forced into the middle ear. By 
this manipulation a portion of the fluid occasionally escapes 
through the Eustachian tube into the pharynx. In cases in 
which the perforation is situated at the anterior portion of the 
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membrane, and in -which we wish the medicament to reach the 
posterior parts of the middle ear during this manipulation, the 
head of the patient must not only be inclined to -the opposite 
side, but also somewhat backwards. Instead of this procedure, 
we can resort to another measure. This consists in filling the 
external meatus with the medicated fluid, inclining the head of the 
patient to the opposite side, and then giving an inflation of air after 
the author’s method. By doing this, the middle ear is cleansed, 
and the stagnant secretion is driven from the deeper j)arts. 

In using powders, we must be particularly careful that they 
come into immediate contact with the secreting surface. Bor 
this purpose we employ a suitable powder-blower, with which 
the medicament can be readily insufflated. We insufflate only a 
small amount, as the free discharge of secretion may be hindered 
if too large a quantity is applied. In order that the patient 
may treat himself — namely, by insufflating the powder with his 
mouth — it is convenient to use a quill rounded at the end and 
attached to a short rubber tube; this quill is filled a quarter of its 
length by dipping it several times into the pulverized medica- 
ment, The end of the quill is then inserted into the external 
canal while the rubber tube is held in the patient’s mouth. If the 
patient now blows into the tube, the powder is forced into the 
middle ear. 

1. The Antiseptic Treatment. — The antiseptic treatment of 
chronic middle- ear suppuration has proved to be superior to all 
other methods of treatment. That the antiseptic method of 
treatment is very often ineffectual in caries, in cholesteatomata, 
in abundant granulations in the accessory cavities of the middle 
ear, or in accumulations of pus in the temporal bone which 
cannot be reached, and that these conditions can be cured only 
by operative means, is readily appreciated. This is by no means 
sufficient ground, however, for depreciating the therapeutic 
value of antiseptics in the treatment of chronic middle-ear 
suppuration. ‘ 

The following antiseptic medicaments have proved most advan- 
tageous in the treatment of chronic middle-ear suppuration: 

(1) Hydrogen Peroxide (Eohrer, Bull, Borne-Bettman, G. Gelle, 
and Bruhl). — The pure peroxide of hydrogen has been used 
for years as an excellent antiseptic in treatment of chronic 
middle-ear suppurations. The lukeAvarin fluid which is poured 
into the meatus is rapidly decomposed when it comes into 
contact with the secretion (still more with blood), whereupon 
the oxygen escapes into the external meatus with the excessive 
formation of bubbles. According to Eohrer, particles of secretion 
Ijdng in the lateral cavities of the tympanum are thus brought 
to the surface, which cannot be reached by syringing. According 
to the author’s experience, there is always more or less reaction 
in the formation of air bubbles when the peroxide comes into 
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contact with the purulent secretion, so that one finds that the 
formation of froth is generally more abundant the greater the 
suppuration. A gradual diminution in the formation of bubbles 
• in the course of treatment may be regarded as a sign indicative 
of the abatement of the discharge.* 

The author would still like to mention a method of treatment 
which he has used for the last few years, and which has proved 
of value in a number of obstinate cases of middle-ear suppura- 
tion. It consists in first giving an inflation of air, thoroughly 
syringing the ear, and then drying it with cotton pledgets, 
whereupon the external meatus is filled with warm peroxide of 
hydrogen. The olive-shai)ed nozzle of a rubber tube, which is 
attached to a small rubber air-bag, is then introduced almost 
hermetically into the external auditory orifice, and the air alter- 
nately rarefied and condensed. By this procedure — as experiments 
with carmine solution on anatomical specimens show — the fluid 
is driven into the more distant spaces of the cavum tympani, a 
portion of the secretion lying there is forced out, and the middle 
ear is more thoroughly cleansed than by any other manipulation. 

In non-complicated cases it is often possible to arrest the 
iniddle-ear suppuration after the use of hydrogen peroxide for 
eight to fourteen days. In some cases the effect of hydrogen 
peroxide may be increased by the addition of boracio acid 
(1-0: 40-0) or alcohol (10-0: 40-0). If no decided diminution in 
the secretion is noticed after the repeated use of the peroxide, 
we may combine this method of treatment with the insufflation 
of a small quantity of boracic acid. 

(2) Boracic Acid . — ^Boracic acid has proved to be, in many cases; 
a splendid drug in arresting the purulent discharge (for the 
method of applying it, see p. 366). Where the secretion is abun- 
dant, the powder is insufflated once a day ; where, however, it is 
light, every second or third day suffices. In exceptional cases the 
suppuration ceases even after two or three applications. As a 
rule, however, the effect is gradual, and cure is often obtained 
only after this drug has been employed for several weeks. In 
some cases the finely pulverized sodium tetraboricum or sodium 
boracic. works very well, either alone or with equal parts of 
boracic acid. In using boracic acid, we should not apply it too 
freely if the discharge is abundant or of a thick tenacious charac- 
ter, as it causes the secretion to become oaky and prevents its 
free discharge. 

Boracic acid is of less value when, the discharge is of a mucous nature; 
stiU, the author has occasionally had good results when the powder was 
combined with the oil of turpentine (acidi borici prsecip., 5*0, ol. terebinth. 

* Neumann recommends pouring a solution of potassium permanganate 
into the ear before the instillations of peroxide of hydrogen; the formation 
of gases which is thus caused is very beneficial in cleansing the middle-ear- 
spaces. 
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gfct. 5). When the secretion is of a septic nature, boracic acid produces a 
better effect if a few drops of carbolic acid are added (acidi borici praBcip. 5-0, 
acidi carbohci, gtt. 5). On the other hand, the powder often proves insuffi- 
cient, and even harmful, in excessive growth of the mucous membrane of the 
middle ear, when there are granulations in the external and middle ears, in 
marked desquamation of the external meatus, and in caries of the tympanic 
walls and ossicles.* 

Of the powdered medicaments, iodoform is still used at times. Its general 
use is, however, limited on account of its intense odour, and for the reason 
that some patients have a marked idiosyncrasy against it. Powdered iodol 
(Stetter), which belongs to the same class as iodoform and is odourless, is not 
as efficacious as the latter, but is, nevertheless, serviceable in some cases, 
especially in scrofulous, tubercular, and syphilitic suppurations. 

The author did not see any special value in use of bichloride of mercury 
(0'05:50-0), benzoic acid,aristol, xeroform, and dermatol in the treatment of 
chronic middle-ear suppurations. E. Urbantschitsch {Monat. /. Ohrenheilk., 
vol. xxxvii.) reports favourable results with thigenol in aqueous (2-0 glycerin,, 
aqua, dest., aa 10-0) or alcoholic solutions (5*0 spirit, vini rect., aqua, dest., 
aa 10-0). 

2. Alcoholic Treatment. — Alcohol has proved to be the best 
remedy in chronic uncomplicated middle-ear suppurations. As 
the concentrated form often produces severe burning in the 
beginning, it is advisable to dilute it with two-thirds or an equal 
amount of distilled water, and gradually to increase its strength. 
The fluid, which is first warmed, is allowed to remain in the ear 
from ten to fifteen minutes, and removed only if severe burning 
or pain is experienced. The pain may also be lessened if we 
first introduce 2-3 drops, and the rest of the fluid (30 drops) half 
to one minute later. In the majority of cases alcohol is not used 
in the pure state, but is generally combined with boracic acid 
or hydrogen peroxide. A good mixture consists of acid, boric. 
3|, spir. vini rect. and hydrogen peroxide aa gi. Ten drops to be 
used 4-5 times a day, and allowed to remain in the ear for 6-10 
minutes. The use of alcohol should, as a rule, be limited to 
chronic cases only. It may also be combined with other drugs, 
as carbolic acid, bichloride, iodol, etc., in varying strengths. 

The mucous membrane of the promontory, wall, -s^ich is deep- 
red, presents, immediately after the use of alcohol, a pale-gray, 
reddish colour, due to the coagulation of the mucus and 
albumen on its surface. The beneficial effect of alcohol is often 
seen, even after its application for several days, by a diminution 
in the discharge. 

3. Caustic Treatment. — The caustic treatment, which is used 
in only a small group of chronic middle-ear suppurations, con- 
sists in the instillation of a few drops of a warm solution of nitrate 
of silver (0-3-T0: 10-0-1 5-0 aqu. dest.) into the meatus. If the 
ear is first thoroughly cleansed, we find that the drug has a cauter- 
izing action upon the swollen secreting mucous membrane of the 

* Gp. F. Kobe!, Ueber kriiihlose Pulverbehandlung bei Mittelolireiterungen. 
Med. Korr.-Bl., 1890. 
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middle ear. In addition to this, silver nitrate solutions also 
possess marked antiseptic properties, and do not cause much 
pain. Where the mucous membrane of the middle ear is sensi- 
tive, it can first be ana3sthetized by the instillation- of a 3 to 5 
per cent, cocaine solution (■which must again be wiped out) before 
introducing the silver solution. 

The formation of an eschar takes place rapidly. The excess solution must ' 
be removed after two to tlireo minutes by thoroughlj’^ syringing the car. Neu- 
tralizing the silver nitrate bj' S3'ringing the car with a normal saline solution 
is not advisable, inasmuch as the precipitates of chloride of silver adhere firmly 
to the mucous membrane. The appearance of brown spots on the external 
region of the ear ma^^ bo prevented by painting the parts with a solution of 
potassium iodide. The eschar usually falls off within twenty-four hours, but 
sometimes remains for two to three da 3 's. As a rule, cauterization should not 
be repeated until the scab has been cast off. 

The caustic treatment proves most effectual in large defects of 
the jnemhrane, and in simple non-granulating swelling of the 
middle-ear mucous membrane. This method of treatment is 
contra-indicated in small perforations Avhich prevent the dis- 
charge of the insoluble albuminate of silver from the tympanic 
catdty, in extensive granulations in the middle ear, in the 
desquamative processes, in caries of the temporal bone, and 
when there is foetid secretion. 

The action of the caustic often becomes manifest after two or 
three applications by a diminution or complete cessation of the , 
suppuration. Frequently, ho3vever, silver nitrate is ineffectual 
even after its application for several weeks, and a rapid diminution 
in the suppuration in such cases is observed only when we have 
recourse to the use of boracic acid, alcohol, or Burow’s solution. 
According to Okunef, cauterization with trichloracetic acid is 
superior to that with silver nitrate. ^ ' 

Astringeiits . — ^The astringent solutions which were so frequently emplo 3 'cd 
in the treatment of clmonic middle-car suppurations arc tho following: Zinc, 
sulph. (0 2-04 : 20-0), sacch. saturn. (0-2-04 : 20-0), cupr. sulphur. (0-1 : 20-0), 
alum. crud. (0-3:20-0), acet. zinci (0-2:20-0), and liquor Burowii (1:3) 
These are, however, hardly over used, as they have no advantage over 
the antiseptic treatment. Burow’s solution has proved most beneficial when 
the antiseptic and caustic treatments have jirovcd ineffectual.* 

Washing out the Tympanic Cavity. — Washing out the 
tympanic cavity with 3varm water per inham {vide p. 124) has 
proved a valuable method in the treatment of obstinate middle- 
ear suppurations. A normal saline solution is most serviceable 
for this purpose. This method of washing out the tympanic 

* Cp. E. B. Dench, ‘Treatment of Chronic Suppuration of the Middle 
Ear ’ (New York 3Iedical Journal, May 4, 1907). A. C. Heath, ‘ Conserva- 
tive Treatment of Suppurative Otitis Media ’ (St. Paul’s Medical Journal, 
March, 1907). Seymour Oppenlieimer, ‘ Tho Importance of tho Troatmont 
of Chronic Otorrhoea ’ (New Yorff Mcdi<^l Record, vol. Ixx.) 
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cavity is especially beneficial in those cases in which there is a 
profuse mucous discharge, and in cases in which there are accumu- 
lations of thickened, cheesy masses in the tympanic cavity. The 
author has seen a striking improvement in the discharge result 
from the use of this method in the complicated middle-ear 
suppurations in which the excessively developed mucous mem 
brane of the middle ear extended through the perforation into 
the external meatus, and also in those cases in which the secon- 
dary swellings and strictures of the external auditory canal 
prevented the introduction of drugs in the ordinary way. If 
pain and dizziness arise because the injected fluid cannot escape 
from the meatus, only rnoderate, gradually increasing pressure 
should be employed. Where washing out the tympanum per 
iubam cannot be carried out, Ave may first try the method pro- 
posed by the author of Avashing out the middle ear from the 
external meatus {vide p. 138). This method is of less value, 
because the fluid injected into the external meatus has little 
effect upon the contents of the attic. This procedure should be 
used only when the fluid Aoaa'^s off easily through the Eustachian 
tube into the pharynx Avithout causing dizziness. The author 
has seen a rapid diminution and cessation of an obstinate dis- 
charge follow the repeated application of this method, and is of 
the opinion that here, as well as Avhen Avashing out the ear through 
the catheter, the beneficial effect is most pronounced on the 
mucous membrane of the tube, Avhich, through its continuity 
Avith the mucous membrane of the tympanic cavity, exercises a 
favourable influence upon the SAvelling of the latter. 

The Dry Treatment of Chronic Middle-Ear Suppuration. 

The dry treatment of introducing gauze strips or cotton firmly 
into the middle ear Avithout irrigations or the use of drugs 
has proved effectual in chronic middle-ear suppuration in Avhich 
there is a slight non-feetid secretion, and in simple SAvelling of the 
mucous membrane of the tympanic cavity. In these cases a 
recession of the cell-growth and a diminution in the SAvelling 
of the mucous membrane of the promontory are brought about 
by the pressure of the gauze or sterilizd cotton upon the SAvollen 
mucous membrane. Through continuity, this beneficial effect 
is distributed to all parts of the accessory cavities of the middle 
ear. On the other hand, the dry treatment is decidedly disad- 
A’-antageous Avhen the discharge is copious, foetid, and curdy, and 
in all middle-ear processes which have a tendency toAvards 
desquamation. Where, therefore, the discharge is foul-smelling 
and curdy, syringing the ear is indispensable and the better 
method of treatment. This is all the more important, as it 
has been shown that, by the removal of the secretion in the 
external meatus, sepsis in the middle ear is prevented. A 
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thorough cleansing of the external meatus by the dry treatment 
is absolutely impossible. 

This method of treatment is therefore indicated only -when 
there is a mild non-fcetid secretion, jvhich is aggravated by 
syringing, and when severe dizziness is produced even with weak 
injections. On the other hand, it is contra-indicated when there 
is a profuse septic secretion, in the desquamative processes, 
when there are polypi in the cavum t 5 mipanij in caries- of the 
temporal bone, and when there is great irritabilitj’’ of the lining 
membrane of the external meatus and of the mucous membrane 
of the middle ear. 

The method of carrying out the dry treatment is as follows: 
An inflation of air is first given, whereh}’^ the secretion is driven 
into the external meatus, which is then wiped out as thoroughlj’- 
as possible with small cotton pledgets. A long tampon of 
sterilized absorbent cotton or a strip of sterilized gauze is then 
introduced with forceps as far as the perforated membrane, 
or even .into the tympanic cavitj^. Gauze impregnated with 
different medicaments is now frequentlj’- used (salic^dic, boracic 
acid, bismuth, xeroform, dermatol, airol, bichloride of mercury, 
aristol, etc.); by means of this gauze the secretion is not only 
absorbed, but the impregnated drug is supposed to exercise 
a beneficial effect. The gauze is changed several times a day 
according to the amount of discharge. If the secretion is scanty, 
once eveiy 3-4 hours is sufficient. 

The Treatment of Granular Suppuration of the Middle Ear. 

In the course of chronic middle-ear suppuration, round or 
nipple-like excrescences develop on the mucous membrane 
of the middle ear, and on the remnant of the membrana 
tympani [vide p. 381); these impart a granular appearance to 
the drum membrane and wall of the promontory, and are dis- 
tributed over a greater portion of the mucosa, or limited to single 
groups on the inner tympanic wall [vide p. 387, Figs. 181 and 
182).'^ It is important to recognize these granulations, as the 
purulent discharge will not cease until they have been removed. 

Granular middle-ear suppuration proves very obstinate 
to the methods of treatment already described. It is only 
by the long- continued use of alcohol that wo are often able 
to bring about a disappearance of the granulations and a cessa- 
tion of the suppuration. A rapid result can, however, bo obtained 
by the operative removal of these granulations. 

Cauterization of the growths is indicated if they are located 
on the remnant of the tympanic membrane, on the attic wall, or 
on the accessible visible parts of the inferior or posterior walls 

* The author has also found microscopically small papillary formations on 
the lining membrane of the mastoid antrum, and in the mastoid colls. 

28 
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of the tympanum. On the other hand, however, cauterization 
of the promontory wall must be avoided under all conditions, 
because, if there is a diseased condition of the hone, a labyrin- 
thine suppuration may be brought about which might result 
in a serious complication. 

The author has found the liq. ferri inuriat. s. sesquicHorat. the most efficient 
caustic, because, after two or three applications, the granulations usually 
disappear. The cauterizing medicament is applied by means of a probe, or 
with a very small cotton applicator. The cauterization is seldom painful, 
especially if the granulations have first been anaesthetized with powdered 
cocaine. Cauterization should be repeated only when the eschar has fallen 
off. A 10 per cent, or even stronger solution of trichloracetic acid is one of 
the most serviceable cauterizing agents. As its application produces severe 
pain, it is advisable first to apply powdered cocaine. The application is 
carried out with a small, thin cotton tampon attached to the end of a probe. 
Chromic acid is too violent and very painful. 




Destruction of the granulations with the galvano-cautery 
is, as a rule, preferable to treatment' with caustics. It possesses 
the advantages that the pain is only momentary, that the growths 
are more thoroughly destroyed, and that the reaction is less 
severe.* 

The author found that one thorough cauterization of the 
granulating mucous membrane by this method is often sufficient 

to bring about a shrivelling up of diffuse 
growths which cannot be affected with 
caustics. 

The operative removal of granula- 
tions from the tympanic cavity is carried 
out by means of small, sharp spoons. 
The author uses a series of small, sharp, 
steel spoons, which are either straight 
or bent in different directions, and 
which can be fastened in a handle in 
various positions by means of a screw 
(Fig. 224). With the aid of these, granu- 
lations in the external meatus, tympanic 
cavity, and Prussak’s space can be 
removed without any difficulty. The 
removal of these growths with the spoon 
is rendered almost painless if we first 
cocainize the parts. Special care must 
be taken in removing granulations from 
the promontory wall, inasmuch as the 
Fig. 224. periosteal layer of the mucous membrane 

and the bone itself may be injured by 
using too much force. A few granulations which still adhere 
to the mucous membrane after the operation come away 

* Cozzolino, La Galvano-caustica yiieUc malattic dell’ oreccliio- Mcdiana 
Contemforanea, Napoli, 1884. 



435 


PERFORATION OF SHRAPNELL’S MEMBRANE 

spontaneoAisly. Gvowtlis which still I’emain can be made to 
shrink by instillations of alcohol. We are often able, in addition 
to removing the granulations, to scrape away superficial carious 
parts of the bone, and thus to bring about a cure more rapidly. 


The Treatment of Middle-Ear Suppuration with Perforation 
of Shrapnell's Membrane. 

The obstinate suppurations running their course with perfora- 
tion of Shrapnell’s membrane, and localized in the external attic, 
are caused partly by the anatomical structure of the external attic 
which is conducive in bringing about a retention of the secre- 
tion, and partly by caries of the malleo-ineudal body and margo 
tympanicus. This last-mentioned condition can sometimes be 
recognized "with the aid of a probe. 

Where, in suppurations associated with perforation of Shrap- 
nelTs membrane, no caries is found in the region of the 
defect, we first confine ourselves to the antiseptic treatment, 
which, if conscientiously carried out, often brings about a cessa- 
tion of the discharge after several months. As the secretion often 
has a foul odour, the attic must be syringed out daily with an 
antiseptic solution by means of a Hart- 
mann or an elastic cannula, which is 
introduced into the attic through the 
perforated Shrapnell’s membrane. For 
this purpose the Hartmann cannula, made 
of metal or hard rubber (Fig. 225), is 
most serviceable, the size of which varies 
according to the size of the perforation in Fig. 225.— Hartmann’s 
Shrapnell’s membrane and in the external Cannula. Half-size. 
attic wall. The injection is made with a 
glass syringe which is connected to the cannula by a rubber 
tube. In order to avoid the pain caused by the introduction 
of the cannula into the perforation, it is advisable first to 
place a pledget of cotton soaked in a 8 or 5 per cent, solution 
of cocaine against the perforation, and to allow it to remain 
there for a few minutes. 

For irrigation one may use any cleansing solution. After 
the attic has been washed out, the fluid, which is still retained, 
is blown out by air through the same cannula. A few lukewarm 
drops (10-15) of an alcoholic solution of boracic acid, iodol 
(1 : 20), or bichloride of mercury (0-02:20) are next injected into 
the cavity without removing the cannula. In several cases of 
attic suppuration the author has found balsam of Peru most 
advantageous, which is introduced into the perforation by 
means of a small applicator. Sometimes insufilations of finely- 
powdered boracic acid into Prussak’s space, by means of a 
delicate cannula or by means of the very practical powder- blower 
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devised by the author, have a beneficial effect upon the suppura- 
tion. Eepeated instillations of peroxide are also very beneficial 
in this foi'ra of suppuration. 

The treatment of the desquamative processes consists mainly 
in the removal of the epidermal masses known as cholesteatomata 
from the middle ear. The method of removing such masses 
depends on their location, and varies according to whether they 
have accumulated in the inferior or superior part of the tympanic 
cavity, in Prussak’s space, or in the mastoid process. The 
method of procedure is furthermore influenced by the condition 
of the opening in the membrane — that is, whether it is large or 
small, and whether or not the external meatus is narrowed. 

Where the external meatus has retained its normal dimen- 
sions, and the defect in the membrane is sufficiently large, it is 
often possible to wash out cholesteatomatous masses from the 
inferior and middle tympanic spaces by forcibly syringing the 
ear, having first loosened them with a blunt probe. A delicate 
drainage-tube attached to the end of the syringe, and pushed 
into the deeper parts of the meatus, facilitates the removal of 
the masses. 

If the meatus is narrowed, and even forcible syringing proves 
ineffectual, the removal of the masses from the inner parts can 
be brought about by the introduction of an elastic tympanic 
catheter (Fig. 226) through the stricture into the deeper parts, 



Fig. 226. 


through which the fluid is injected. A permanent cure can, 
however, be obtained in the majority of cases of this nature only 
by operative measures. 

In cases in which the accumulated masses of epidermis in the 
tympanic cavity cannot be removed on account of the small size 
of the perforation in the drum, the author uses with advantage 
the elastic tj’^mpanic catheter, which is introduced into the 
tympanic cavity after having previously anesthetized the parts 
with a 5 per cent, cocaine solution. The solution is now injected 
through this catheter, by which means the masses are generally 
washed out. If the intratympanal injections prove insufficient, 
it is advisable to enlarge the opening in the membrane, whereupon 
the tympanic eavitj^^ can be washed out with ease. 

It is much more difficult to remove masses which have accu- 
mulated in the attic of the tympanic cavity and in the mastoid 
antrum. In such cases, even if the perforation is large, we are 
hardly ever in a position to remove large parts of the chole- 
steatomata by powerful injections into the external meatus. By 
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introducing the above-described Hartmanri cannula, however, 
behind the upper border of the jDerforation in the drum, wo are 
usually able to wash out the stagnated secretion and chole- 
steatomatous masses from the attic. 

In many cases of this nature, associated with large perfora- 
tions of the drum, the author found that in spite of forcible 
injections, large pieces of cholesteatoma remained in the con- 
cavity of the external attic wall. In order to remove these, he 
uses a series of small spoons which are bent at a right angle at 
the end, so that they can be readily introduced into the upper 
tympanic space. 

If with large accumulations of cholesteatoma in the middle ear, 
or with marked stricture of the external meatus, injections prove 
ineffectual, it is advisable to resort to the method of washing out 
the middle ear per tubam with a warm saline solution, as already 
described on p. 123. The thickened masses in the tympanic 
cavity are thus dissolved, and a portion is often expelled through 
the perforation into the external meatus. It is advisable to 
perform the injections through the catheter slowly, in order to 
avoid the unpleasant sequelae of a sudden increased pressure in 
the labyrinth. Washing out the middle ear per tuham, combined 
with syringing from the external meatus, can sometimes be used 
to great advantage. 

The effect of these irrigations per iuham is often surprising, as 
not only the pain in the ear and the troublesome pressure in the 
head are immediately alleviated after removal of the chole- 
steatomatous masses from the middle ear, but the annoying 
symptoms, as dizziness and stupefaction, also disappear. 

Having thoroughly removed the epidermic masses, it is 
advisable to give the patient instillations of peroxide several 
times a day, whereby the small epidermic masses which have 
been left in the deeper parts are brought to the surface. Even 
when the cholesteatoma has been thoroughly removed from the 
middle ear, and the otorrhoea has ceased, we must again resort 
to instillations of peroxide, followed by irrigations of a weak 
saline solution, at intervals of eight to fourteen days, in order 
to prevent relapses. 

The cholesteatomatous accumulations in Prussak’s space, and 
in the external portion of the attic of the tympanic cavity, must 
be removed by a special method of procedure. The cholestea- 
tomata which always develop here through invasion often reach 
the size of a pea, and at times produce severe pain, dizziness, 
and inflammatory swelling in the external meatus. Simple 
injections from the external auditory canal, and washing out the 
middle ear per tuham, almost always prove ineffectual in such 
cases. On the other hand, it is often possible to force the 
accumulated masses into the external meatus by introducing 
a Hartmann cannula through the perforated Shrapnoll’s mem- 
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brane. In order that all portions of the external attic may be 
reached by the fluid, we must alternately direct the cannula 
forwards, upwards, and backwards. Attacks of dizziness which 
arise during this manipulation are quickly alleviated by rarefying 
the air in the external meatus. 

Small perforations in Shrapnell’s membrane, which prevent 
the discharge of the cholesteatomatous masses, must be enlarged 
by incisions in different directions. If it is not possible to force 
the cholesteatomatous masses out of the attic by injections with 
the cannula, we must resort to curettes or to various-sized sharp 
spoons bent at right angles to their long axes (Pig. 224); these 
instruments may also he employed for the removal of small polypi 
and granulations from this cavity, and for scraping away carious 
or softened margins of the margo tympanicus. 

By this conservative treatment it is possible, in a limited 
number of cases, to arrest the suppuration running its course 
with the formation of cholesteatomata for a considerable length 
of time. As in the majority of eases there is an anatomical 
predisposition to recurrences, such patients must be examined 
for years by the physician at intervals of three to four months, 
so that newly accumulated masses in the deeper parts can be 
timely removed. If the patients are allowed to syringe their 
ears once or twice a week with a weak, lukewarm, sterilized, 
boracic acid solution, or salt water (having first used instillations 
of diluted glycerine to soften up the masses), and then ordered 
to instil peroxide into the canal, relapses can be prevented in the 
majority of oases. This conservative treatment has yielded 
very satisfactory results in many of the author’s patients, who 
have been under his observation for a number of years. 

The operative exposure of the attic by the removal of its 
external wall offers the best results. As, however, the chole- 
steatoma in the attic is often in direct communication with one 
in the mastoid antrum, cure is seldom attained by the simple 
removal of the external attic wall alone; so that in the majority 
of cases the antrum must also be laid bare (Stacke), or we must 
eventually resort to the radical mastoid operation (see chapter 
on The Badical Mastoid Operation, p. 518). Patients as a rule, 
however, subject themselves to these operative measures only 
when threatening symptoms aiipear. When these are lacking, 
and if the hearing is not greatly affected, the patients 
prefer the conservative treatment, which may continue for 
years. 

If no cure is obtained after treatment for several months, and 
if the foul-smelling discharge continues in spite of energetic 
antisepsis, ^ye proceed — j)resuming that there are no indications 
for a radical mastoid operation — to the extraction of the malleus 
and incus (p. 486), and eventually even to exposure of the external 
attic bj" the removal of as much of the margo tympanicus as 
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possible. That this latter operation is indicated in sucli forms 
of suppuration is shown by the fact that a spontaneous cessation 
of the purulent discharge at this place is observed after the 
formation of extensive defects in the attic through carious de- 
struction of the margo tympaiiicus. 

The opening up of the external attic can be carried out by 
different methods. The usual procedure consists in removing with 
small sharp spoons {vide p. 434) that part of the margo tympanicus 
which borders on the perforation of ShrapnelTs membrane, and 
is usually of a soft carious nature. The operation can be per- 
formed under periosteal local anaesthesia, as proposed by 
Neumann, and in exceptional cases under a general anaesthesia. 
While performing the operation we must take care that the 
instrument is not pushed inwards during the manipulation, as 
we may easily dislocate the malleo-incudal body. Owing to 
inflammatory softening of the hone, the removal 'of the bony 
margin is more easily accom 2 >hshed in the neighbourhood of 
ShrapnelTs membrane than higher up. The haemorrhage which 
ensues' during the operation is usually very slight, owing to the 
injection of adrenalin, and can be readily arrested by gently 
packing with gauze. After the operation the meatus is filled 
with peroxide, which is allowed to remain for five to ten minutes, 
after which the cavity formed by the operation is packed with 
a strip of sterile gauze. 

Chiselling away the external attic wall through the external 
meatus without detaching the auricle has been carried out in 
the last few years with gratifying results by the author and by 
Neumann. Having first performed periosteal anresthesia (see 
Extraction of the Ossicles), a small piece of the skin with the 
periosteum is cut away, exposing the bone, whereupon small 
pieces of the external attic wall are chiselled away by means of 
small gouges 4-6 mm. in width, which are bent at an angle or 
fastened to a small handle; this procedure is begun above the 
perforated ShrapnelTs membrane. The operator directs the 
chisel, keeping the field of operation always in view, while an 
assistant gently hits upon the chisel with a small hammer. In 
this way as much of the attic wall is removed as desired until 
a large free opening is obtained. It has been found advantageous, 
however, to push a small ball of cotton into the external attic as 
a protection to the ossicles. 

If a sufficiently large opening has been made in the external 
attic^ wall, the loosened fragments of bone are removed with 
a' pair of aural forceps, - the wound cavity is then cleansed with 
peroxide and packed with a narrow strip of sterile gauze. The 
dressing must be changed every day. The pain which arises 
after the operation is most readily alleviated by the internal 
administration of pyramidon (0-3 per dose), or some mild narcotic. 
The suppuration which follows the operation usually lasts ten to 



DISEASES OF THE EAR 


440 

fourteen clays, during which time the borders of the cavity become 
covered with granulations, w'hich in turn are covered with 
epidermis in the course of a few weeks. In cases in which the 
attic suppuration is cured, the epidermis of the external meatus 
sometimes grows through the artificial bony opening into the 
attic, and leads sooner or later to the formation of cholesteatoma 
in the antrum and mastoid process. Such patients must, there- 
fore, always remain under the supervision of the physician, Avho 
must from time to time remove the invading epidermis from the 
attic and antrum by means of suitable cannulae. 

Crusts which adhere firmly to the membrana tympani or to 
the walls of the tympanic cavity are softened by the introduction 
of a small ball of sterilized cotton saturated with dilute glycerine; 
after twenty-four hours these can be removed with a probe or 
forceps, or can he syringed out with sterilized warm water. If 
the latter method is emiDloyed, the water must be thoroughly 
removed from the ear by the introduction of small cotton plugs, 
or by forcible inflations of air in the external meatus, 'in order 
to prevent a relapse of the middle-ear suppuration. 

Concluding Remarks in Reference to the Treatment of 
Chronic Middle-Ear Suppuration. 

It can be seen from the foregoing that a free discharge and 
a thorough removal of the stagnant secretion from the middle 
ear are the most important factors in the local treatment of 
chronic middle-ear suppuration. Drugs which prove effectual 
in some patients are of no value in other patients. One is there- 
fore often compelled to change the drugs until one finds the one 
having the best effect. The result of this alternating treatment 
is often surprisingly rapid. Occasionally the suppuration ceases 
only when the use of drugs is entirely suspended, and when we 
confine ourselves to inflations of air after the author’s method, 
and to simple syringing. It also hapj)ens that spontaneous cure 
not infrequently takes place without any local treatment. 

It must be stated that, as a general rule, the treatment of 
chronic middle-ear suppuration must not be interrupted for any 
length of time as long as the discharge continues if we wish to 
IDi’event the dangerous sequels of a neglected otorrhoea. When 
the patients are not in the position to visit the physician regularly, 
it is most urgent to instruct them or their relatives in the 
necessary manipulations of syringing and of applying the 
medicaments. They must also be warned to observe strict 
antisepsis, as only by this means can any result be obtained. 
In every case, however, the result of self-treatment must be 
watched by an occasional examination of the patient. 

The time in which chronic middle-ear suppuration can heal 
by local treatment depends on the anatomical changes in the 
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middle ear. on the amount of sepsis, and on the cause of the 
anection. Accordingiv, ’^-e often see a middle-ear suppuration 
vrhich has lasted a long time come to an end after a short 
treatment;* trlule. on the other hand, a result is often obtained 
only after several months, or. after aU local treatment has proved 
of no avail, vre are compelled to resort to the operative opening of 
the middle-ear spaces. 

The local treatment of chronic middle-ear suppuration often 
exercises a favourable influence upon the general system. 
Ansmic, emaciated children often attain a healthy, flourishing 
appearance after cessation of the discharge. The development 
of certain general diseases may be prevented by the cessation of 
such a suppuration; this is shown by the fact that symptoms 
of scrofula and tuberculosis sometimes arise during the course 
of chronic otorrhcea. and that miliary tuberculosis may develop 
from the temporal hone through destruction and absorption of 
the caseated pus (v. Troltsch).t just as from a caseous ostitis of 
other bones. 

In prescribing an internal treatment for chronic middle-ear 
suppuration.- we must take special notice of the general disease 
existing at the time. Anaemia, scrofula, and syphihs are those 
partieiflar aflections in which local treatment must always be 
combined with a proper general treatment. As the same rules 
apply here as in the middle-ear catarrhs, we refer the reader 
to that chapter (p. *285). | The treatment of naso-pharyngeal 
catarrhs accompanying chronic middle-ear suppurations require 
careful attention. 

After the suppuration has ceased, all local medication must be 
suspended, for experience has .=hown that the discharge may 
easily recur by syringing or by the use of instillatious. as well as 
by any procedure which would cause an irritation to the mucous 
membrane. As relapses not infrequently arise after an exhausted, 
xmcomphcated middle-ear suppuration, the author orders the 
patient to instil every eight to fourteen days a few drops of 
warm peroxide or warm alcohol in progressive strengths. In a 
few cases of adhesive connective-tissue formation in the middle 
ear, the author has also observed a striking improvement in the 
hearing, seldom a change for the worse, follow the use of instilla- 
tions of alcohol for several weeks. 

In cases in which the perforation remains persistent after the 
suppuration has run its course we must try to prevent relapses; 

* Faust. Brunetti. Oliic mrd. purulcnl. cron, chc dafava dc 35 ontii 
ff’iarifa in tin tncsc. Rivista vcncta di scicnzc vicdiclc. tom. iii.. fasc. t. 

t Th.. Barr. Ca-scovs Accumidafion^ in the Hiddh Ear as a PrciaNc Cause 
of Miliarp Tuberculosis. Transact, of the Intern. 3Icd. Conarcss. London 
ISSl. 

i Cp. Hessler, Der Einfus dcs Elinias und dcr Witienniff auf die Eni- 
stehung. Verhutung vnd Heilung von Ohr-, Nasen- und RachcnHanlliciten. 
Hiug’s Hin. rorir-Jgc.ii. 1. ISQl. 
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this is best accomplished by protecting the ear from external 
harmful influences, as the action of cold, wind, moisture, and 
dust upon the exposed mucous membrane of the middle ear may 
again bring on the suppuration. To do this, the external auditory 
orifice should be protected with a small piece of cotton, and the 
patient must be instructed to avoid the entrance of fluid into the 
external meatus while cleansing the ear or while bathing, as often a 
relapse may be brought about by the entrance of a few drops of 
water. 

The Treatment of the Disturbances of Hearing in Chronic 
Middle-Ear Suppuration. 

(a) In the treatment of the majority of cases of disturbance of 
hearing brought about by chronic middle-ear suppuration, better 
results are obtained by inflations of air after the author’s method 
than by catheterization of the tube. The degree of improvement 
in the hearing depends on the nature of the changes in the 
middle ear. If the inflations of air are continued too long, they 
have a harmful influence upon the hearing; it is therefore advis- 
able to give them only two to three times a week, and after four 
to five Aveeks’ application to stop treatment for two to three Aveeks. 
The inflations should be continued at short intervals only in 
those cases in Avhich the discharge is copious, and in AAdiich 
Ave Avish to prevent its stagnation. 

Barefaction of the air in the external meatus (p. 135), by 
Avhich the pus, which is localized in the tympanic cavity, can 
be aspirated into the external canal, may also be used AAith 
advantage for the disturbances of hearing arising after an 
exhausted middle-ear suppuration. A striking improvement in 
the hearing, Avhich is generally only temporary, is especially 
noticeable after the alternating rarefaction and condensation of 
the air in the external meatus (massage). This procedure is 
indicated in adhesions between the membrane and inner tym- 
panic Avail; in adhesions of the membrane Avith the incudo- 
stapeclial articulation, or with the stapes Avhich has been separated 
from the incus ; in those cases in Avhich the posterior part of the 
tympanic caAuty is separated from its anterior portion by 
cicatricial formations; and in all conditions in Avhich inflations 
per iuham haAm proAmd ineffectual. 

(b) The Artificial Drum IVIembrane. — In a paper by Marcus Banzer 
{Disputatio de auditione Icesa, 1640) references are already made to the use 
of an artificial membranej ive then find that Autenrieth {Tilhinger. Bel.f. Nat. 
u. Arzneik, vol. i., 1815), Itard, Deleau, Tod, and Lincke (vol. ii., 1845) also 
vTotc on the same subject. It was not until 1848 that Yearsley, and in 1849 
Erhard, proposed independent^ of each other that in those cases in which 
there was a perforation of the membrane the hearing could be improved 
by placing a ball of cotton against the remnant of the membrane. Shortly 
after, Toynbee (1852) published the favourable results which he obtained 
with his artificial drum membrane. 
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The artificial drum has proved an indispensable help in aural 
practice, if we consider the large number of aural patients in 
whom no decided improvement in their disturbance of hearing 
is obtained by the ordinary methods of treatment, and in whom 
the hearing is often so strikingly improved by the application of 
the artificial membrane that they are again able to enter into 
undisturbed intercourse with those about them after a deafness 
of many years’ standing (H. N. Spencer, St. Louis Polyclinic, 1889). 

Toynbee’s artificial drum membrane (Fig. 227) consists of a round rubber 
plate 6-7 mm. in diameter; tins is fixed to the end of a silver wire which corre- 
sponds in length to the meatus. Lucae uses a thin, small rubber tube, and 
Eurckhardt-Merian a solid rubber strip, instead of the metal wire. 

Toynbee’s membrane often becomes useless even after several weeks’ 
application; the author, therefore, devised for the use of poor patients an 
artificial membrane, vdiich is easily and simpty made. For tliis purpose we 
take a rubber tube 2-3 mm. in thickness, from the wall of which a piece is cut 
away 1 cm. long, into which a moderately strong wire is inserted (Fig. 228). 
In some cases in wliich attempts with other artificial membranes were udthout 
result, the author has observed a striking improvement in the hearing follow 
the introduction of this rubber tube. 



Fig. 227. — ^Toynbee’s Fig. 228. — ^Artificial Fig. 229. — Hassenstein’s 
Membeaka Tysipani. i^Membrana Tympani Cotton- wool Caeeiee. 

FOR U SE IN Practice 
AMONG THE PoOE. 

Hassenstein’s cotton earner (Fig. 229) consists of a small metal forceps, 3 J cm. 
long, by which a firmly rolled, long piece of cotton can be held. The branches 
of this small instrument can be approximated so closely by a small movable 
ring that the piece of cotton cannot fall off. 

A. Hartmann uses an artificial membrane which is made of a piece of whale- 
bone 5 cm. long and 2 mm. wide. The one end of the bone which is covered 
with cotton is then bent back 1 cm., and united with the remaining part of the 
whalebone by means of the cotton. 

The cotton carriers devised by Ch. Delstanche are very practical and simple; 
they consist of a cotton pencil or ball, which is twisted upon a thin metal wire! 

Gomperz recommends using silver leaf, which is chemically pure, instead 
of the cotton pledgets, as its non-irritative property permits it to remain in the 
ear for months. He also uses drums made of a mixture of vaseline and paraffin 

The artificial drum is used mainly in deafness following an 
exhausted middle-ear suppuration, less often during the course 
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of the affection. The choice of the artificial membrane always 
depends on its action in each particular case. In every case, 
therefore, in which such an appliance is necessary we must try 
different forms, and -we must select that one which proves most 
effectual in that given case. In the last few years the author 
has used small balls of cotton in the majority of cases. These 
cause the least irritation, possess the advantage of absorbing the 
secretion if still present, and also have a medicinal action upon 
the diseased mucous membrane of the middle ear, if the cotton 
has been impregnated with boracic or with some other antiseptic 
powder. In cases of exhausted middle-ear suppuration, the 
small cotton balls dipped into sterilized liquid vaseline (Blake) or 
in a mixture of the oleate of zinc vasogen (O-S) and liquid vase- 
line (15-0) are borne the best. At times a dry ball of cotton 
which can be introduced with a pair of forceps, or boracic acid 
which is insufflated in thin layers, acts like an artificial drum. 

The author noAv uses Toynbee’s membrane only in such cases in which it 
is more effectual than the other modifications. It often causes a trouble- 
some crackling in the ear while conversing or eating, wliich is not experienced 
when a small ball of cotton, Hassenstein’s or Delstanche’s instrument is 
employed. 

The introduction of the artificial membrane is best accom- 
plished by the patient himself, after he has been instructed by the 
physician. As the effect of the instrument depends principally 
on its position, and on very slight variations of pressure, it will 
be found that the patient will strike the correct spot through 
practice with much more certainty than the physician himself. 
If no improvement in the hearing is noticed at the first insertion, 
we must nevertheless try again, as often after several fruitless 
attempts a striking effect is obtained. 

The artificial membrane is indicated in large, seldom in small, 
perforations of the membrane, in those cases in which a hearing 
power sufficient for ordinary intercourse cannot be attained by 
the ordinary local treatment. The artificial membrane is contra- 
indicated if it increases the purulent discharge, and if it again 
sets up an otorrhoea after an exhausted middle- ear suppuration. 

The degree of improvement in the hearing after the intro- 
duction of the artificial membrane depends on the anatomical 
changes in the middle ear. The increase is often so marked 
that patients who could understand only when spoken to in 
the immediate vicinitj'- are able to hear speech at 6-8 metres 
and oA^er, In other cases the increase is only I- or I metre. 
Even this result is a great gain to many patients, inasmuch as 
they can continue at their occujjations. In several cases of total 
deafness, the author has seen such improAmment folloAV the 
introduction of an artificial membrane that patients were uoaa' 
able to hear quite Avell sentences spoken into the ear. 
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The improvement in hearing obtained by the nse of the 
artificial membrane nsually disappears after the removal of the 
instrument; not infrequently, however, this improvement remains 
for a short time. On the other hand, cases are occasionally met 
with in which a permanent improvement takes place after the 
membrane has been worn for several days, and it is advisable, 
under such conditions, to graduallj'- get the patients accustomed 
to do mthout this aid. When the artificial membrane has been 
used for some time, it is advisable to suspend its application 
from time to time for several days, as it has been found that its 
effect is more favourable after such a pause than when it is used 
uninterruptedly. 

The artificial meniljrane, like any foreign body, causes an 
irritation to the remnant of the membrana tjnnpani, and to 
the mucous membrane of the tympanic cavity. The affected 
parts must therefore gradually become accustomed to the 
contact of the instrument. The author allows the artificial 
membrane to be worn half an hour during the first four or five 
days, and always increases its use by half an hour every fourth 
or fifth day. Its daily application should never exceed six to 
eight hours. As a rule, the patient should use it only in the com- 
pany of others, and again remove it when alone. The instrument 
must always be removed before retiring, and the ball of cotton 
must be changed every day. If secretion is present, the ear must 
be cleansed before the introduction and after the removal of the 
artificial membrane, and some boracic acid must occasionally be 
insufflated, or one of the before-mentioned medicated lotions 
instilled. It must finally be mentioned that the observations 
of V. Trbltsch, Meniere, Pomeroy, the author, and others, have 
demonstrated that in cases of non-perforation a considerable 
improvement in the hearing may sometimes be obtained by 
pressure of the cotton tampon upon the membrana tympani. 


Intratympanic Operations in Chronic Suppura- 
tion of the Middle Ear. 

A. Operative Procedures during Suppuration. 

1.. Enlargement of Small Perforations. — This is indicated: 

(a) In cases of thick mucous secretion, when the escape of 
the mucous masses through the narrow opening is prevented, 
and when symptoms of stagnation are present. The enlargement 
of the opening induces a more rapid outflow of the pus, heightens 
the effect of the air- douche, and facilitates the syringing of the 
tympanic cavity through the tube. The result is sometimes 
transient, as the incision often recloses rapidly, 

(b) In cases of small perforation, when violent reactive symptoms 
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appear in consequence of pus retention due to the occasional 
agglutination of the edges of the wound, or to occlusion of the 
opening in the menahrana tyrujaani by inspissated secretion. 

(c) When there is an accumulation of cholesteatoma in the 
middle ear, which occludes the perforation, causing a bulging 
of the membrana tympani, and giving rise to dangerous com- 
plications (vide p. 421). By enlargement of the perforation the 
obstacle preventing escape of the hardened secretion into the 
auditory canal is not only removed, but the introduction of a 
small cannula through the perforation into the tympanic cavity, 
necessary for the liquefaction and removal of the secretion, is 
rendered possible. 

(d) When there are polypi and granulations in the tympanic 
cavity, which bulge the membrana tympani outwards and 
prevent the escape of pus. In these cases, enlargement of the 
perforation permits one to introduce into the tympanum the 
instruments necessary for the removal of these new formations. 

(e) In cases of obstinate supj)uration of the middle ear in 
which the small size of the perforation does not allow the intro- 
duction of the tympanic catheter or cannula for washing out 
the tympanic cavity. 

The operation consists in the introduction of a paracentesis 
knife through the perforation, and enlarging it by an incision 
3-4 mm. long. The incision must always be made in that part 
of the membrane which is seen to bulge the most. Immediately 
after the operation thick pus, cheesy epidermic masses, or poly- 
poid growths often escape into the meatus. A severe reaction 
seldom follows the incision. In those cases in which the edges 
of the wound unite quickly, it may be necessary to separate them 
again within a day or so. 

2. A Second Perforation in the Membrana Tympani is 
indicated : 

(a) In adhesions between the anterior segment of the membrana 
tympani and inner tympanic wall, when in the posterior tympanic 
sj)ace thus formed a purulent or mucous exudate gathers which 
is accompanied by the objective and subiective symptoms already 
described (p. 411). 

(b) In perforations of the anterior segment of the drum, with a 
simultaneous marked bulging of its posterior part, when fre- 
quently recurring pains make it probable that there is a stag- 
nation of pus, or an accumulation of caseous masses or polypoid 
growths in the posterior superior part of the tympanic cavity. 

(c) In perforation of Shrapnell’s membrane, if symptoms of 
pus retention in the lower tympanic space (called atrium tym- 
panicum) are also present. 

The formation of a second perforation not only affords a free 
outlet for the secretion, but allows the introduction of cannula3 
and small tubes for the purpose of syringing out the secretion 
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and for injecting medicated solutions. A permanent cure is 
seldom obtained, however, by this conservative tieatment, for 
the reason that the localized suppurations, which are generally 
limited to the posterior superior tympanic space, are, as a rule, 
very obstinate, and usually heal only after the operative opening 
up of the middle-ear spaces. 

B. The Intratympanic Operations after Cessation of a 
Suppuration of the Middle Ear. 

The intratympanic operations used to improve the disturbances 
of hearing which are due to the adhesive processes following a sup- 
puration of the middle ear, give much bettor results than the intra- 
tympanic operative measures employed in the adhesive processes 
which arise from the non-suppurative diseases. The author thinks 
that this difference lies in the fact that in the non-suppurative 
forms of middle-ear affections the new connective tissue has a 
greater tendency to shrink than that formed from the granula- 
tions in the purulent processes, and that in the latter affections 
the labyrinth is less often involved than in the non-suppurative 
processes and in otosclerosis. 

An intratympanic operation to improve the hearing after a 
suppuration of the middle ear has ceased, is indicated only if 
the deafness is marked, and if no increase in the hearing can be 
produced by the ordinary methods of treatment. Such an 
operative measure is furthermore indicated if the adhesive process 
is accompanied by intense subjective noises or by violent attacks 
of vertigo. 

In order to determine the exact place where the adhesion should 
be severed, it is necessary to ascertain the degree of mobility of the 
ossicles and of the individual parts of the thickened or adherent 
membrane by means of Siegle’s speculum. As a successful issue 
can be expected only when the auditory nerve is intact, one 
should decide on an operative procedure only in those cases in 
which the perception for a low-ticking watch through the cranial 
bones is preserved, and in which the duration of perception for 
a tuning-fork (Schwabach) placed upon the mastoid process ia 
lengthened. An operation undertaken too soon after the cessa- 
tion of the suppuration may easily bring about a relapse (Botey, 
Grunert). 

The results of tympanic and intratympanic operations cannot 
be foretold. This is explained by the fact that, besides the 
visible changes, other complications, such as alterations in the 
membrane of the round window, may exist, which cannot be 
detected by the objective examination, and which render the 
success of an operative procedure impossible. Therefore, everj’' 
surgical procedure should be regarded only as an experiment, 
and a successful issue should never be promised to the patient. 
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According to the author’s experience, one may generally expect 
a good result from an intratympanic operation if the hearing 
is improved by massage, or by the introduction of a small ball 
of cotton soaked in vaseline. 

The indications for operative treatment of the adhesive pro- 
cesses which have formed after a middle- ear suppuration has 
ceased are as follows : 

(a) When a high degree of deafness exists in consequence of 
adhesions between the membrana tympani and inner wall of the 
tympanic cavity, and if on the surface of the membrane a net- 
work of projecting bands is seen, by which the ossicles are rendered 
immovable. 

If examination with Siegle’s speculum and with the probe 
proves that these projecting bands are tense, their incision is 
indicated. For this purpose the author employs a small, narrow 
knife (p. 322), rounded at the end, with which several small 
incisions are made down to the promontory wall at right angles 
to these bands. The results are especially good after incising 
cicatrices stretched between the retracted handle of the malleus 
and the articulation of the incus and stapes (Pig. 230), inasmuch 
as the rigid fixation of both these ossicles is removed. Although 
the edges of the incised adhesions again unite, the newly-formed 
cicatricial tissue seldom acquires the former degree of rigidity. 
In a number of cases a permanent improvement in hearing re- 
mains, while in the majority of cases it is only temporary, and 
the former degree of deafness returns. 

(fc) When the lower end of the manubrium is adherent to the 
wall of the promontory (Figs. 231 and 232), in which case the 
incus and stapes are pulled so strongly inwards that the greater 
part of their mobility is lost. The author has frequently 
observed that the hardness of hearing thus caused, which is 
often of a high degree, is considerably improved by repeated 
perpendicular incisions into the cicatricial tissue found in the 
immediate neighbourhood of the handle. When this procedure 
is without effect, an attempt should be made to sever the adhesion 
of the hammer to the promontory wall by means of a small 
curved knife (synechotome). 

In order to prevent re-adhesion, Grunert* advises that after the hammer 
lias been severed from its adhesions, and tenotomy of the tensor tympani has 
been performed, the manubrium should be drawn so far externally, by means 
of a small hook, that it retains its position several millimetres from the inner 
wall of the tympanic cavity. Gomperzf recommends the introduction of small 
celluloid plates, ^ mm. thick, betAveen the malleus and the promontory wall. 

If, owing to adhesion of the malleus to the promontory wall, the 
articulation of the stapes and incus is visible behind the handle 

* Arch.f. Ohrenlieilk., vol. xliii. 

t Sitzwigsher. d. osterr. otolog. GeseUschaJt, 1899; and Zitr Thera'pe 
der y ericachsungen im Miiielohr. Wien, med, Wochensclir., 1900. 
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(Fig. 232), and circumcision of the cicatricial tissue around the 
adherent manubrium or its detachment from the inner wall 
of the tympanum is without effect, it is advisable to sever the 
long process of the incus in order to relieve the pressure on the 
stapes. 
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Fig. 230. — Formation, of Band-like Fig. 231. — Adhesion of the Lov'ER 
GordsbetweentheLowerEndof End of the Handle of the 
THE Handle of the Hajoier and Hammer to the Promontory. 
THE InODDO-STAPEDIAL ARTICULA- 
TION. These Bands were cut at 
Right Angles, which was fol- 
lowed BY A Marked Improvement 
IN Hearing. In a Man aged 48. 

(c) In thickening and rigidity of the posterior portion of the 
membrana tympani; when the posterior fold is very prominent, 
and is associated with retraction of the manubrium; in band-like 
thickenings of the non-adherent membrana tympani, and with 
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Fig. 232. — Division of the Fig. 233. — Movable Cicatrix in Front 
Long Process of the Incus. of the Handle of the Malleus. 

Rigid Edge of the Perforation ad- 
herent TO THE Handle of the Mal- 
leus. Incision of Edge of Perfora- 
tion. 

Before the operation: acoumeter=10 cm., 
speech=l m. After the operation: acou- 
meter=55 cm., speech =4 m. 


thickened edges of a perforation, through which the hammer is 
rigidly fixed (Fig. 233). In these cases the author has sometimes 
seen a permanent improvement in the hearing ensue when one 
or more incisions were made in the thickened tissue. 
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(d) When there are new connective-tissue formations in the 
pelvis ovalis, by which the motion of the stapes is impeded. In 
extensive perforations of the drum membrane, the diagnosis of 
such synechia about the stapes is not difficult when the region of 
the fenestra vestibuli is plainly visible. The niche appears oblit- 
erated, and only the small head of the incus is more or less visible. 

The operative procedure (synechotomy) consists in dividing 
the cicatricial tissue by ‘a horizontal incision (Kg. 234) imme- 
diately beneath the capitulum of the stapes, whereby it becomes 
more movable. When only a very slight improvement follows 
this operation, the author makes another incision parallel to the 
first immediately above the head of the stapes, provided the 
long process of the incus is absent (Fig. 285). 



Fig. 234 . — Synechotomy of the Fig. 235 . — Fibbous Connective-Tissue 

Cetjba of the States. Fobmation in the Region of the 

Stapes. 

(e) Intratympanic Operations on the Fenestra Cochleae. — In 
the last few years attention has also been directed to the niche 
of the fenestra cochlete (fenestra rotunda), in order to ascertain 
whether the hearing could not he improved by intratympanic 
operations after exhausted middle-ear suppurations. Based on 
the histological examinations of' the labyrinthine windows,* in 
which the author often found the niches of the windows filled 
with new-formed connective tissue, he became convinced that 
an improvement in the hearing could be obtained by the partial 
removal of this obstacle to the conduction of sound. In cases, 
therefore, of exhausted middle-ear suppuration with extensive 
destruction of the drum, in Avhich the region of the fenestra 
cochleae was visible, the author severed the cicatricial tissue with 
a small knife as shown in Fig. 236, a. 

In some cases a marked improvement in the hearing and a 
diminution in the subjective noises were observed after this pro- 
cedure, without even performing a simultaneous synechotoniy 
of the stapes. In very few eases was the result permanent; in 
the majority of cases the improvement in hearing disappeared 
partially or entirely after several days or weeks. A repetition 

* Recherclies histologiques dans les niches de la feneire ovale et la jenctre 
ronde. Gongres de Bruxelles, 1884 . 
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of the division of the cicatricial tissue always brought about an 

increase in the hearing. In cases in which the niche of the 

window was favourably situated to the axis of the external 

meatus, a part of the connective tissue could be removed from 

the niche with a small, slightly bent, sharp spoon 

(Fig. 236, h), and a slight improvement could ^ f 

obtained. 

The operative procedures on the niche of the 
round window, described here, were followed in 
no case by -a reactive inflammation. The author 
considers them indicated in all cases of exhausted 
middle-ear suppuration associated with a marked 
diminution in the hearing in which the niche of 
the fenestra cochlese is visible. At times synecho- 
tomy of the crura of the stapes was combined with 
the operative procedures on the niche of the 
fenestra eochlese, but the results, as a rule, were 1 1 

very unsatisfactory. 1 I 


According to Kessel, tenotomy of the tensor t 3 anpani 
muscle is indicated after an exhausted middle-ear suppura- 
tion if there is a central, kidney-shaped, persistent perfora- 
tion of the membrana tympani, and if the handle of the 
malleus, which is greatly drawn inwards, is accompanied by 
a marked disturbance in the hearing. 

If the tendon of the stapedius muscle appears embedded 
in the cicatricial tissue surrounding the niche of the oval 
window, and if it is visible on the surface of the scar as a 
whitish band running backwards from the head of the stapes, a b c 

we can also make an incision through the tendon when 235 

severing the cicatricial tissue. 

Multiple incision of flaccid cicatrices of the membrana 
tympani is indicated if, in retracted scars, the deafness is improved by the 
outward bulging of the cicatrix, and if the former degree of disturbance of 
hearing again returns when the scar sinks back into its former position. In 
these cases circumscribed thickenings are produced in the flaccid scar by 
multiple incisions, whereby the resistance and, at the same time, the vibratory 
power of the entire membrana tympani are considerably increased. 



The results obtained in the intratympanic operations show 
that in the majority of cases the improvement in the hear- 
ing disappears entirely or in part, while in some exceptional 
cases, however, it remains permanently. From these facts, as 
well as from from the occasional disappearance of the subjective 
noises and dizziness, we are justified in giving them a trial, and 
especially as they are not as a rule associated with any marked 
inflammatory reaction. 

Lermoyez and_Mahu {Ann. d. mol. d. Voreille, 1907) proved that the sub- 
cuteneous injections of thiosinamin 'and fibrolysm in the non-suppurative 
middle-ear affections were of no value, and thereupon recommended the local 
use of thiosinamin as daily instillations into the external meatus (30 drops of 
a solution of thiosinamin 15-0, antipjrin 7*5, aqua dest. 100-0, allowed to 
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remain in the meatus ten minutes), combined with Delstanehe’s pneumo- 
massage three times a week. If, after two to three weeks, no improvement is 
noticed, several minims of the same drug are injected into the middle ear 
through the Eustachian tube by means of the eatheter. The time of treatment 
lasts three to six weeks. In several cases the above-mentioned authors are 
supposed to have obtained satisfaetory results with this treatment, but 
acknowledge, however, that the thiosinamin alone does not yield any result 
without the mechanical treatment. 


The Methods employed to produce a Cicatrix .to close a 
Perforation of the Membrana Tympani. 

Closing a perforation in the membrana tympani by creating 
a cicatrix has the advantage that an increased number of sound 
waves reach the ossicular chain, and the mucous membrane of 
the cavum tympani is protected from external harmful agencies 
and infection. Nevertheless, it must not be lost sight of that 
cicatrization of a perforation in the membrane may, in some 
cases, impair the power of hearing. This is particularly so when 
obstacles to the conduction of sound exist on the malleus and 
incus, and when the union between the stapes and incus is broken 
by the loss of the long process of the incus. In these cases the 
sound, which falls directly upon the foot-plate of the stapes 
when the perforation is permanent, can no longer do so. 
Another fact, which has been established by clinical experience, 
shows that sometimes after closure of the perforation a high 
degree of deafness, associated with tinnitus, is observed, which 
disappears only after the re-establishment of the hole in the 
drum. 

When, therefore, an attempt to close the opening in the membrana tympani 
is made, one must first ascertain if, after a cicatrix has formed, there wiU be no 
change for the worse. It therefore behoves us to stop up small perforations 
with a little glycerine on the point of a probe, and larger openings with a 
piece of cotton, and then to test the hearing. If the hearing distance is 
thus increased, or at least not diminished, an operation for closure of the 
perforation may then be undertaken. 

Multiple incision of the edges of the perforations, as already recommended; 
eauterizing its margins with silver nitrate; covering the perforation with a 
thin piece of paper, as proposed by Blake, for the purpose of inducing the 
formation of a cicatrix; the transplantation of a piece of skin (Ely); and the 
application of a fresh piece of skin of a chicken’s egg (Berthold*), have only- 
rarely given a satisfactory result. 

Of the methods hitherto used, cauterization of the edges of 
the perforation Avith trichloracetic acid, as recommended by 
Okuneff, 1895, has proA^ed of most value. His assertions that 
dry perforations were- made to cicatrize in nearly 80 per cent, of 
cases Avere confirmed by Gomperz, Spira, Blau, Biehl, Barnick, 
and Wasmund. Touching AAuth trichloracetic acid is indicated 

* Die ersten 10 Jahre der Myringoplastik, 1889. 
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in all old, dry perforations. This procedure is contra-indicated 
when the membrana tympani is defective in its entire extent, 
and in perforation of Shrapnell’s membrane. 

The trichloracetic acid is applied in the following manner; First a piece of 
cotton, soaked in a 10 per cent, solution of cocaine, is introduced into the per- 
foration and allowed to remain for ten minutes; then a small applicator covered 
with a thin layer of cotton is dipped into a concentrated solution of the acid, 
and applied to the free edges of the perforation. Upon touching the edges 
of the perforation a white eschar forms, which falls off within a few days. 
Even after one to two applications, it usually is noticed that the perforation 
has grown smaller. The cauterizations should be repeated at intervals of 
from four to eight days, the number of applications varying according to the 
size of the perforation. Care must be taken that the acid is not used too 
freely, as it sometimes sets up a rather marked inflammatory reaction. 

It is extremely difficult to keep perforations open which have a tendency 
to close, and fails in the maj ority of cases. Such a procedure is indicated when, 
through temporary closure of the perforation by secretion, by an epidermic 
mass, or by the formation of a cicatrix, there is a striking decrease in 
the hearing power, which disappears again when the perforation is re- 
established. 


Purulent Middle-Ear Inflammations arising 
in the Course of the Infectious Diseases. 

Purulent Middle-Ear Inflammation arising in the Course of 

Typhoid Fever. 

The mild, non-perforative middle-ear catarrhs, with a serous, 
mucous, muco-purulent discharge in the middle ear, are, on the 
whole, not uncommon in the course of typhoid fever. They 
usually disappear after the disease has run its course, or form the 
bases of later adhesive processes. During the typhoid process 
they do not give rise to any marked symptoms, and become 
evident only in the stage of convalescence. The disturbances 
of hearing which accompany the typhoid middle-ear catarrhs, 
and which are often of a high degree, are undoubtedly caused by 
simultaneous changes in the labyrinth or by the action of the 
typhoid infection on the auditory nerve, or on the hearing centre. 
Hassler found typhoid bacilli in the secretion (this is very rare). 
The purulent middle-ear inflammation is more often met with in 
typhoid fever.* It was observed by Hoffmann [A. /. 0., vol. iv.) 
four times in 250 cases of typhoid, by Bezold (A.f. P., vol. xxi.) 
forty-one times in 1,243 cases (3^-^ per cent.), by Suckstorff in 
7-7 per cent., and by Schuhmacher in nearly half the cases of 
typhoid in children. The following are the causes of typhoid 
middle-ear suppuration which usually arises in the fourth or 
fifth week of the disease: The direct extension of the inflamma- 

* Ueber die im Mittelohrsekrete bei Typliosen vorhommenden Mikro- 
organisineii. §66 E. Frankel and Simonds, Deutsch. med. WocJienschr., 

1 OOI^ ’ 
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tion of the mucous membrane of the pharynx and posterior nares, 
which so often arises in the course of typhoid, to the Eustachian 
tube and tympanic cavity; the entrance of septic secretion 
from the naso-pharynx into the middle ear; and the occurrence 
of emboli in the mucous membrane of the middle ear, which arise 
either from an endocarditis or from a collection of pus at some 
other part of the body. The perforation is usually located in 
the posterior part of the membrane, and is larger at the begin- 
ning of this disease than in the ordinary middle-ear suppurations. 
Hoffmann saw a double perforation and multiple ones in acute 
cases. 

The disturbance of hearing accompanying the suppurative 
process is often severe on account of the simultaneous peripheral 
or central affection of the acoustic nerve; this is especially 
noticeable if the aural trouble arises early in the course of the 
general disease. It is true that the hearing distance often in- 
creases in the convalescent stage; still, it not infrequently 
happens that a marked deafness continues for some time. The 
duration of the suppuration is generally more protracted than in 
the ordinary acute forms, yet it usually terminates within a 
very short time in cicatrization of the perforation, with complete 
restoration of the hearing power in persons who are otherwise 
perfectly healthy. The prognosis of typhoid middle-ear suppura- 
tion is relatively better than that of a middle-ear suppuration 
arising in the course of the other infectious diseases. Neverthe- 
less, we sometimes meet with severe forms which are associated 
with inflammation and abscess formation in the mastoid, caries 
and necrosis of the temporal bone, facial paralysis, extension of 
the suppuration to the neighbouring organs, and total deafness 
from a panotitis. When we have a case of typhoid, and we wish 
to avoid the intercurrence of a middle-ear inflammation, it_ is 
advisable to keep the nose and post-nasal spaces free from in- 
fection by the frequent use of some cleansing antiseptic sprays, 
or by the instillation of medicated solutions. 

The treatment of acute typhoid middle-ear suppurations is 
not different from that employed in the ordinary acute forms.* 

Suppurative Middle-Ear Inflammation in Influenza. 

We have already referred to influenza otitis under the de- 
scriptions of otitis media acuta, and acute purulent inflam- 
mations of the middle ear; the author will, therefore, limit him- 
self in the following remarks to a short synopsis of the clinical 
appearances and sequelae of this form of otitis. 

In the purulent middle-ear inflammations which arise with 
marked reactive phenomena at the beginning of an influenza or 

* Compare J. Boke, Les maladies de Voreille dans le tyflms et leiir 
iraitement. Briisseler Kongressier., 1888 . 
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during its course, a hgemorrhagic inflammation of the membrane 
often develops in the initial stage of the disease, which is accom- 
panied by the formation of smaller or larger dark blue or black 
bullse. These are situated on the posterior superior segment of 
the membrane, and, lasting a short time, burst before perforation 
of the membrane has taken place, discharging their haemorrhagic 
serous contents into. the external meatus.* A haemorrhagic or 
fibrinous exudate arises simultaneously in the osseous or carti- 
laginous meatus. Perforation of the drum usually takes place 
in front of the handle of the malleus or in the posterior superior 
quadrant of the membrane at the apex of a cone-shaped eleva- 
tion, from which a drop of pus exudes during the Valsalvan 
experiment (Fig. 159 p. 352). The severe pains which arise 
before perforation has taken place often continue for some days 
after perforation without diminishing in intensity. Cases are 
frequently met with in which neuralgic pains, having the 
character of otalgia, continue even after the suppuration has run 
its course. Spira reports a case of influenza otitis which pre- 
sented the symptoms of a trigeminal neuralgia for several months. 
Kaufmann observed several obstinate and severe cases of otalgia 
arise during an epidemic of influenza. Subjective noises, such 
as beating, hammering, and roaring, are always intense, and con- 
tinue long after cessation of the inflammation. They may even 
remain permanently at times, and may be the accompanying 
symptom of a progressive deafness. The disturbance of hearing, 
which is usually considerable in the stage of suppuration, may 
disappear completely after the suppuration has become ex- 
hausted. Often, however, deafness of a varying degree remains 
in consequence of pathological changes in the middle ear and 
labyrinth. Severe deafness after an influenza suppuration 
may be attributed to a panotitis; deafness without a diseased 
condition of the middle ear may be due to changes in the laby- 
rinth, to a neuritis of the acoustic nerve, or to a simultaneous 
neuritis of the ramus cochlearis. The suppuration is generally 
more protracted than in the usual acute forms, and passes more 
often into the chronic statd. It has been found that sup- 
purative influenza otitis is very often complicated with abscess 
formation in the mastoid process and with a simultaneous 
bulging of the posterior superior wall of the meatus. Spon- 
taneous subsidence of the mastoid abscess is seldom observed, as 
it often leads to rapid destruction of the bone, which necessitates 
the opening up of the mastoid in order to prevent dangerous 

* Lowenberg {Bulletin medical, January, 1890), Schwabach [Berliner 
Uin. Wochensclir., 1890, No. 3), Delstancbe and Hennebert [La Clinique, 
Bruxelles, 1890, No. 7), Scbwendt [Ba^el, hei Werner Rliom, January, 1890), 
J. Michael [Detiisclie med. Woclienschr., 1890, No. 6 ), A. Politzer [Wiener 
med. Blatter, Nos. 9 and 10, 1890), Szenes [Berliner Kongressber., 1890), 
Janlvau [Deutsche. med. Woclienschr., 1890). 
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complications. The following sequelae often cause a fatal 
ending: Extradural abscess, meningitis, cerebral abscess, cere- 
bellar abscess, pyaemia, perisinous abscess, thrombosis of., the 
sigmoid and cavernous sinuses, erysipelas, and nephritis. IHde 
Diseases of the Mastoid Process. 

The influenza bacillus discovered by Kitasato is frequently found in tbe pus 
of influenza mastoiditis. The primary bacteria giving rise to the affection 
are, however, soon destroyed by the micro-organisms of the secondary infection, 
among which the streptococcus is most prominent. According to Haug, those 
cases leading to rhastoiditis are characterized by the marked predominance of 
the streptococcus and diplococcus. 

Lermoyez* expresses the opinion, based on numerous clinical observations, 
that acute inflammations of the middle ear are contagious. He bases this 
opinion on the fact that frequently several members of the same family and 
the attending nurses are affected simultaneously or in rapid succession by a 
middle-ear inflammation. It is generally due to secondary complications 
arising in the course of influenza. It must be remarked, however, that the 
affection is, in rare cases, transmitted to healthy individuals, and that the 
disease in such cases also assumes the character of the primary inflammation 
(catarrhal, purulent, or hemorrhagic exudation) in the infected individual. 
Lermoyez supports his opinion by the observation of Dr. Barbier, who noticed 
an epidemic of otitis media amongst otherwise healthy children after he had 
taken a child, who had been suffering from an acute middle-ear inflammation, 
into a creche. 

From the foregoing, therefore, Lermoyez considers it a very importent 
prophylactic measure to isolate individuals having otitis media acuta, especially 
those ■vvith the scarlatinal and morbillous forms, until the inflammation has 
run its course. 

The Scarlatinal- Diphtheritic Suppurations of the Middle Ear. 

The severest forms of acute suppuration of the middle ear 
develop in the course of scarlet fever, and particularly if they 
are complicated with a naso-pharyngeal diphtheria. 

Clinical observations have demonstrated that acute suppurative inflamma- 
tions of the middle ear are of frequent occurrence in scarlet fever, and especially 
in that form associated with diphtheria. The investigations of Siebenmann, 
in which he found only one normal middle ear in twenty-five posl-morlems, 
show how often the organ of hearing is affected in the severe forms of diph- 
theria which end fatally. 

The diphtheritic process in scarlet fever appears in two forms: (1) True 
diphtheria, -with the formation of a diphtheritic membrane in which the Loffler 
bacillus is found, and later the staphylococcus, diplococcus, and streptococcus 
through secondary septic infection; (2) necrotic scarlatinal diphtheria brought 
about by a marked streptococcus infection. It is especiaUy'in this form that 
one finds the destructive middle-ear suppurations associated rvith swelling of 
the glands in the neck. 

Primary diphtheria of the middle ear, which is very rare, has been clinjcally 
observed by Burckhardt-Merian. Kirchner and Hirsch, who found the middle- 
ear mucous membrane at the post-morlem of two children covered with a 
fibrinous deposit infiltrated with streptococci, are of the opinion that these 
were cases of primary diphtheritic inflammation. 

* Lermojmz, La Contagion des Otites moyennes aigues. Transactions of 
the Sixth International Otological Congress, London, 1898, published 1900. 
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Lewin {Archiv fiir Olirenlieilh., vol. who examined sixty clinical cases 
of genuine pharyngeal diphtheria bacteriologically, found only one case of 
true diphtheritic inflammation of the middle ear. In 60 per cent, of his cases 
he found only mild inflammatory changes in the middle ear, without perfora- 
tion of the drum. He regarded these of a toxic nature, brought about by 
hfematogenic invasion. There seems to be a particular predisposition to this 
affection in children during the first five years of life. 

The scarlatinal-diphtheritic middle-ear suppurations generally 
develop at the crisis of a naso-pharyngeal diphtheria. Every 
naso-pharyngeal diphtheria is not, however, combined with a 
diphtheritic exudation in the middle ear. The inflammation 
commences with very severe pains, which usually remain some 
days after perforation of the membrane has taken place. The 
rise of temperature produced by the naso-pharyngeal diphtheria 
may be temporarily increased (39° to 40° C. = 102-2° to 104° P.) 
by the development of a middle-ear inflammation ; in like manner 
we find that in very young children a mental disorder, delirium, 
and convulsions may arise in addition to the already existing 
head symptoms. Swelling of the lymph-glands at the side of 
the neck is more frequent in this form of disease than in the 
ordinary forms of otitis. 

There is no other form of disease in which the destruction of 
the membrane with the formation of extensive perforations is so 
rapid as in the scarlatinal-diphtheritic suppurations of the middle 
ear. The diffuse destruction of the membrane, which is often 
visible even on the third or fourth day, is undoubtedly produced 
by the action of the specific bacteria of this disease. 

If one has the opportunity of examining a case of true diph- 
theria soon after perforation of the drum membrane, it is 
possible to see the diphtheritic membrane lying in the deeper 
parts, and often extending into the meatus. This deposit is not 
easily removed by syringing, and there is also difficulty in re- 
moving it mechanically with forceps; when performing the 
latter manipulation, the underlying surface shows a tendency to 
bleed easily. The picture is so characteristic that, after a little 
experience, we are able to make the diagnosis 'without the least 
difficulty, especially if we take into consideration the affection 
of the pharynx existing at the time. Only if the examination 
is undertaken superficially can the diphtheritic membrane be 
mistaken for macerated epidermis. When we suspect that the 
membrane is due to a diphtheritic infection, it is advisable to 
make a culture and smear of the secretion to ascertain the 
presence of diphtheritic bacilli. If the culture proves positive 
our diagnosis is verified, and we can then adopt the proper anti- 
diphtheritic treatment. 

The discharge is generally slight in the first few days after 
perforation of the membrane, but after the separation of the 
diphtheritic membrane it becomes very copious, often foul- 
smelling, bloody, or discoloured. Examination of the drum 
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membrane reveals a large perforation which involves two-thirds 
or nearly its entire area, and even when the disease has lasted 
only a few days the exposed, livid-red, swollen mucous mem- 
brane of the inner tympanic wall, the free handle of the malleus, 
and the incudo-stapedial joint become* visible. 

Suppuration in this form of inflammation always runs a pro- 
tracted course, and is sometimes accompanied by pysemic 
symptoms. Even where the conditions are favourable, the 
secretion seldom ceases in less than two to three months. The 
suppuration runs the most favourable course if the physician is 
in the position to make an extensive incision in the drum mem- 
brane within the first twenty-four hours. A restoration to the 
normal condition is a rare occurrence, but the author has seen 
this several times in scarlatinal otitis without diphtheria ; in the 
majority of cases large persistent perforations of the drum 
remain. The suppuration often becomes chronic, with the 
formation of granulations and polypi in the tympanic cavity, on 
the remnant of the membrane, and in the external meatus. 

The disturbance of hearing is usually very marked in the 
acute stage of the process. As the disease progresses, however, 
the hearing generally improves ; still, a marked deafness remains 
in a large percentage of cases in consequence of the invasion of 
micro-organisms into the labyrinth. Sometimes, where we 
have to do with a panotitis or with a necrosis of the labyrinth, 
total deafness remains, which, if it occurs in children during 
the first years of life, may form the basis of deaf-mutism. 
The power of hearing is often only slightly altered even in the 
severe forms of this disease; the author has seen quite a number 
of cases in which, in spite of an extensive destruction of the 
membrane after the middle-ear diphtheria had run its course, 
whispered speech was understood at a distance of over 6 metres. 
Paralysis of the soft palate, which remains after pharyngeal 
diphtheria, leads to obstinate catarrhs of the middle ear owing 
to an impaired ventilation of this cavity. 

Scarlatinal- diphtheritic middle-ear suppuration often leaves 
deep-seated changes in the organ of hearing. The destructive 
process not only affects the membrana tympani, but also the 
check ligaments of the ossicles, which are thus loosened and 
expelled. Where the ulceration extends to the bony walls of the 
middle ear, we not infrequently find caries and necrosis of the 
temporal bone which may lead to exfoliation of smaller or larger 
portions of the same, and to erosion of the Fallopian canal with 
facial paralysis ; or the necrotic process may bring about a fistula 
of the labyrinthine wall with destructive changes in the laby- 
rinthine contents, or perforate towards the cranial cavity causing 
a fatal termination from sinus phlebitis, meningitis, and bram 
abscess. 

Prognosis. — The prognosis of a simple scarlatinal suppuration 
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of the middle ear is, apart from some severe forms, favourable, 
as there is usually a complete cure and a return of the normal 
hearing after the process has run its course. On the other- 
hand, the prognosis of the scarlatinal-diphtheritic infections is 
unfavourable if they are associated with the above-mentioned 
complications. 

It must be stated, however, that, in spite of the most careful 
treatment of scarlatinal diphtheria of the middle ear, the 
development of severe complications cannot be prevented; on 
the other hand, it is possible in many cases, by a timely treat- 
ment, to prevent those severe disturbances which so often arise 
if the suppurative process is allowed to run its own course. 

Treatment. — The treatment of diphtheritic or scarlatinal- 
diphtheritic middle-ear inflammation must be begun immediately 
after perforation of the membrane, in order to check the de- 
structive action of the diphtheritic infection. In those cases in 
which perforation has not yet taken place, paracentesis should 
be performejd as soon as possible. The treatment of diphtheritic 
middle-ear suppuration is both general and local. If the culture 
is positive, showing the presence of diphtheritic bacilli, we must 
immediately give injections of antitoxin. The ear should be 
syringed several times a day with lime-water, or with some 
antiseptic solution as boracic acid solution, bichloride solution, 
etc. 0. Wolf recommends the application of Politzer’s method 
in the first stage of 'the disease, followed by removal of the- 
secretion with cotton, and the instillation of bichloride alcohol 
0-1 ; 100-0, or resorcin alcohol 1-0 to 1-5; 100-0; this treatment 
is to be repeated two or three times a day. When there is a 
coexisting naso-pharyngeal diphtheria, the ordinary anti-diph- 
theritic treatment must be given; the usual antiseptic sprays, 
nasal drops, and local applications must be resorted to in addition 
to the injection of antitoxin. 

Middle-ear diseases arising in the course of measles are of 
frequent occurrence. According to Sieg. Weiss and Nadoleczny, 
catarrhal exudates in the middle ear, running their course with- 
out symptoms, are found in a large number of children affected' 
with measles. In some epidemics of measles, the suppurative 
middle- ear inflammations are so severe that they have the de- 
structive character of the malignant forms of scarlatinal diph- 
theria.* The rapid destruction of the tympanic membrane, the 
speedy development of granulations in the tympanic cavity, 
caries and necrosis of the temporal bone, and panotitis are 
occasionally observed in middle-ear suppurations due to measles. 

The suppurative middle-ear inflammation in measles usually 
arises in the beginning of the affection, but not infrequently only 
in the desquamative stage. Blau estimates that it occurs in 

* G., Contribution to the Etiology of Otitis Media Suppurativa post 

MorhiUos. Medical Record, 1906. ■ 
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from 2 to 8 per cent, of middle-ear suppurations. The treatment 
of middle-ear suppurations and their complications arising in 
the course of measles is the same as that employed in the 
ordinary acute middle-ear infections as given on p. 364. 

Tubercular Disease of the Organ of Hearing. 

/ 

The occurrence of suppurative middle-ear processes in tubercular individuals, 
especially in those affected with phthisis, is weU known, and has been fully 
detailed by Rhomberg, GrisoUe, Nelaton, Rilliet, Barthez, Geissler, and others. 
Wilde* * * § also called attention to the clinical picture of tubercular middle-ear 
inflammation, to its painless begiiming, and to the characteristic nature of the 
pus. The anatomical and clinical contributions of Rokitanski, Virchow, 
Toynbee, v. Troltsch, Hammernyk, Zaufal, and others, in reference to 
tubercular disease of the temporal bone, were all we possessed. It was only 
in the last decade that greater attention has been paid to tuberculosis 
of the ear. In the year 1865f the author called attention to the chnical 
peculiarities of tliis form of middle-ear suppuration. Schwartzef described 
the seldom-occurring, cheesy infiltration of the mucous membrane, and the 
presence of tubercle nodules on the membrana tympani, which are usually 
associated with a rapid destruction of the drum membrane. In the year 
1882§ the author published the histological condition of the mucous membrane 
of the middle ear of a woman who had suffered from a middle-ear suppuration, 
and who had died of phthisis. The examination showed that a portion of the 
mucous membrane of the promontory had been destroyed by the tubercular 
process, and that the disease had also extended into the bone (Fig. 237). 

The numerous specimens in the author’s collection, taken from patients 
who had died of phthisis, give a clear picture of the destructive character of 
tubercular suppurations of the middle ear. In a number of the specimens 
the membrane is defective to a great extent, or totally destroyed, the ossicles 
are deprived of their mucous membrane, and so loosened by destruction of 
their ligaments that they fall out even if gently touched. The walls of the 
tympanic cavity and antrum resemble macerated bone, and are stripped of 
their mucous membrane. In another series of specimens the osseous frame- 
work of the temporal bone is necrotic to a varying extent, the promontory 
wall is perforated like a sieve or entirely destroyed, and the labyrinth is ex- 
posed. Where the disease is extensive, the petrous bone is entirely or partially 
necrotic and broken up into several pieces; the carotid canal, the lateral sinus, 
the mastoid process, and the external meatus are involved in the tuberciflar 
destruction; and the dima mater covering the temporal bone is infiltrated, 
discoloured, and perforated. 

We are indebted to Hegetschweiler,|| Habermann,^ Barnick,** Schwabach,tt 
Korner, Jt and others, for a complete description of tubercular suppurations of 
the middle ear. The histological examination of the middle-ear mucous 
membrane shows swelling, small cell infiltration, tubercle bacilli arranged in 
groups, giant cells, and destruction of tissue here and there. Tubercle nodules 
are also foimd in the granulation tissue. 


* Practical Observations on Aural Surgery, 1853. 

t Beleuchtungsbilder des Trommdjells, 1865, p. 65. 

j Pathologische Anatomie des Olires, 1878. ' 

§ LeJirbuch der Ohrenheilkiinde, 1 Aufl., p. 467. . 

II Die phthisischen Erkrankungen des Olires auf Grund von 39 Sections- 
bericliten Bezold’s. J. F. Bergmann, Wiesbaden, 1895. 

^ Zeitschr. f. Heilk., 1885, 1888; &Tid. Prager med. Wocliensclir 1885. 

** Haug's Min. Vortrdge, 1899. 
ft Berliner Klinik, 1897. 

Zeitschr. f. Ohrenheilk., vol. xxx. 
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Tubercular middle-ear suppuration develops most frequently 
in patients with pulmonary tuberculosis. It occurs at any stage 
of the general infection, but mostly, however, in advanced 
phthisis. In the latter affection it occasionally arises in the last 
days of the patient’s life. Predisposing causes of this disease are 
hereditary predisposition, unfavourable surroundings, and all 
forms of cachexia. The author has repeatedly observed its 
occurrence with tubercular swelling of the glands after an attack 
of scarlet fever. According to the observations of Schwabach 
and Hegetschweiler, it occurs much more often in males than in 
females. Milligan calls attention to the frequent occurrence of 
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Fig. 237. — Miceoscopic Section op the Innee Wall of the Tyimpanio 
Cavity of a Woman, 36 Yeaks of Age, who hied of Phlmonaey 
Tubeeculosis, and who had suffebed foe Form. Months feom 
Pbofuse Shpfheation of the Middle Eae on the Right Side. 

The anterior portion of the inner wall of the tympanum is completely deprived of its 
mucous membrane, and the exposed bone is pale, somewhat rough, and uneven. 
In sections, the boundary of the mucous membrane (6, &'),which becomes thinner 
towards the place where the loss of substance has occurred (»), can be distin- 
guished. The bare bone («), the structure of which is sharply set off from the 
capsule of the cochlea (c), lying below it, presents everywhere the characters of 
inflammation. The remains of the corroded osseous lamella (a) project on the 
surface like small ridges. The vascular spaces, as also the larger osseous spaces 
(d, d') in the posterior portion of the petrous bone, are filled with round cells. 


tuberculosis of the ear among the children of the poor. Accord- 
ing to Heike {Deutsche vied. Wochensclir., vols. x., xi.), the glands 
and lymphatics in tubercular infants are more often involved 
than in adults, and destruction of the bone takes place much 
quicker. 


Primary tuberculosis of the ear, which has been observed by ICnapp, Kuster, 

, Haug, and others, is rarely met with. When it does occur, it is generally 
localized in the mastoid process. In the primary forms, the disease may start 
in the cancellous spaces of the bone by infection from the blood, or in the 
mucous membranes by invasion from the pharynx through the tube. According 
to Barnick wo find, in addition to marked inflammatorj’^ infiltration, numerous 
tubercle nodules which constantly degenerate and form superficial ulcers which 
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later extend to the hone. According to Henrici,* primary tuberculosis of the 
mastoid usually occurs in childhood — that is, in one-fiEth of the cases of 
mastoiditis in children. 

S 

The disease is most frequently caused by invasion of the bacilli 
through the tube, or along the lymph-channels in its submucous 
tissue; it is more rarely produced by the entrance of the bacilli 
from the external meatus through an existing perforation of the 
membrane. Infection through the blood may occur in tuber- 
culosis of the glands and bones, or in miliary tuberculosis. 

Tubercular disease of the middle ear sometimes occurs with 
symptoms of an acute middle-ear suppuration, or, as is more 
commonly the case, takes the form from its very commencement 
of a chronic suppuration running its course without any inflam- 
matory phenomena. 

The condition of the membrana tympani in acute cases after 
perforation is the same as in the ordinary primary otitis. In 
exceptional cases, in which one has the opportunity of examin- 
ing the membrane before rupture has taken place, one sometimes 
finds the drum reddened or pink, and presenting at one or more 
places sharply circumscribed pearl-gray spots produced by the 
tubercle nodules. After a short time, and usually within a few 
days, ulcers form at these spots, which break dowm and cause the 
membrane to become perforated at two or three places. Through 
the rapid destruction of the tissue, these multiple perforations 
unite into one large defect, through which one can see the actively 
secreting greyish or reddened wall of the promontory, which is 
at times covered with rapidly growing granulations. f 

In acute cases arising without any symptoms, examination 
shows that the pale membrane is covered with a creamy secre- 
tion, and softened or perforated in the intermediate portions, or 
at its circumference. 

Blake and Buck {New York Medical Journal, 1886) consider 
the appearance of infiltration and destruction of the posterior 
superior quadrant of the membrane, unaccompanied by pain, a 
characteristic symptom of a beginning middle-ear tuberculosis. 
According to Milligan, the margin of the perforation is gray, 
softened, and shows no symptoms of a reactive inflammation, 
as in other chronic middle-ear suppurations. 

Symptoms. — The symptoms of acute tubercular suppuration 
of the middle ear differ only slightly at the beginning of the 
affection from those of the ordinary acute middle-ear inflamma- 
tion. It is only in the further course of the disease that our 
suspicion is aroused of its tubercular nature, through the presence 
of double or multiple perforations, thjough the rapid destruction 

* Die Tnierkiilose des Warzenfortsatzes im Kinder sailer., Habil.-Schr., 
by Bergmann, Wiesbaden, 1904. 

t Cp. Politzer, Adas der Beleiichtungshilder des Trommdfells, Plato VI., 
8 and 9. 
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of the membrane with the speedy formation of granulations in 
the tympanic cavity, through the rapid involvement of the 
glands of the neck, or through the appearance of a facial paralysis. 
In the chronic forms of this disease we usually find that it appears 
without symptoms, and that perforation of the drum is rarely 
preceded by a slight redness or pain. Our attention is generally 
called to the affection by a slight discharge from the ear and the 
presence of subjective noises. The torpid course of the suppura- 
tion may also continue with an extensive carious destruction of 
the bone, with or without the formation of granulations. The dis- 
charge is either thin fluid, discoloured, or curdy and foetid. The 
hearing distance is often markedly reduced,, in spite of the fact 
that the disease has existed only a short time; this is due to the 
rapid extension of the process to the labyrinth. The perception 
through the cranial bones is lost. Eacial paralysis is occasioned 
•by carious destruction of the facial canal, or by infiltration of 
the sheath of the facial nerve with tubercle nodules. Headache 
and dizziness are seldom met with. 

Terminations. — Tubercular suppuration of the middle ear 
very rarely ends in cure. It is questionable whether, in those 
oases which have been reported cured, there was really a tuber- 
cular suppuration of the ear, or whether it was simply a suppura- 
tion in a tubercular individual. 

The diseased condition of the bone brought about by tuber- 
culosis of the middle ear may confine itself to limited areas of 
the tympanic cavity, to the promontory, or to the ossicles ; fre- 
quently, however, a large part of the tympanic walls, the large 
blood channels, the mastoid process, and the petrous bone are 
involved in the carious process. If the destructive process extends 
to the labyrinth, it produces a purulent inflammation, as well as 
a thickening and partial destruction of the membranous laby- 
rinth; or it may lead to a new connective-tissue formation in 
the labyrinthine wall and in the semicircular canals.* The 
author has repeatedly found osteoporosis and the formation of 
osteophytes iti the neighbourhood of the carious tissue. 

Tubercular suppurations of the middle ear occasionally lead 
to intracranial complications. The author has often seen the 
dura and the lateral wall of the lateral sinus exposed to a con- 
siderable extent, and surrounded by pus, without giving rise to 
any manifestations. Even in cases in which the carious process 
of the petrous bone is extensive, a fatal termination is usually 
caused by the phthisis, and less often by a purulent or tuber- 
cular meningitis, brain abscess, or sinus phlebitis. 

* In about one-third of the cases of tuberculosis of the middle ear -which 
have run their course -with caries and necrosis, and which have been 
o.xamined at the post-mortem, perforation of one or both windows of the 
labyrinth was found (Habermann, Barnick, Schwabach, Gradenigo, Hanel 
and Brieger), 
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Diagnosis. — It must be emphasized that every purulent 
discharge from the ears of tubercular patients must not be 
looked upon as a tubercular process. We are justified in con- 
cluding that the middle-ear process is of a tubercular nature only 
if the purulent inflammation runs its course with a rapid destruc- 
tion of the membrane without marked reactive phenomena; if 
the inner tympanic wall shows an extensive loss of its mucous 
membrane, and feels rough and uneven on probing; and, finally, 
if tubercle bacilli are found in the discharge. According to 
Brieger, it is very difficult to make a diagnosis from the clinical 
symptoms, and even from the examination of the secretion.* 

The presence of the tubercle bacillus in the secretion from the middle ear 
of tubercular individuals was first demonstrated by Esche (Deutsche med. 
Wochenschr., 1883), and later by Nathan and Ritzefeld. It is present only ' 
in small numbers in the secretion, and can easily be mistaken for bacilli of 
a similar appearance which are found in cholesteatomata. The failure to 
find the tubercle bacillus in the secretion is no evidence that the suppurative 
process is not of a tubercular nature. The statement of Nathan (Deutsche 
Arch. f. klin. Med., vol. xxxv.) that he always found tubercle bacilli in the 
secretion from the middle ear of phthisical patients is contradicted by Schwa- 
bach, Brieger, and others; these authors claim that the bacUlus is often absent 
in the secretion of extensive tuberculosis of the ear, and that such a negative 
result is no positive proof that the process is not of a tubercular character.! 
In the course of the affection the Streptococcus pyogenes or the Staphylococcus 
pyogenes aureus is found in addition to the tubercle bacillus. This mixed 
infection changes the clinical aspect of the middle-ear tuberculosis, as in these 
cases the tubercle bacillus gradually becomes less prominent or is entirely 
supplanted. 

Prognosis. — The prognosis of tubercular middle-ear suppu- 
ration is, on the whole, unfavourable; it is more favourable in 
the primary tuberculosis of the mastoid process. It is especially 
bad in those cases running an acute course, and in which a facial 
paralysis arises in the beginning of the affection, and in those 
cases in which the labyrinth becomes involved. In the chronic 
cases a copious, discoloured, and foetid discharge, and the 
evidence of caries of the tympanic walls must be regarded as 
unfavourable circumstances. On the other hand, when we meet 
with individuals with primary tuberculosis — as, for example, a 
localized affection in the mastoid process of children — cure may 
be obtained by operative measures. In a like manner, a cessa- 
tion of the discharge not infrequently takes place in some chronic 
cases of suppuration in tubercular patients (not phthisical in- 

* Gh. Perreri, Sulla diagnosi della tuherculosi nelle suppurazione croniche 
del! orechio. Arch, italian. di Otologia, vol. x. 

t In order to establish a positive diagnosis, Milligan (Brit. Med. Journal, 
1895) recommends the inoculation of rabbits with some of the mucous 
membrane and bone which has been removed. According to Brieger, the 
positive result only of the histological examination of the piece of tissue 
taken from the diseased part is of diagnostic value (Festschr. f. Lucae, 
1905). 
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dividuals) by a careful antiseptic treatment (syringing ■with 
antiseptic solutions and insufflation of iodol po-wder)^ and by a 
change to a milder climate. Such cases are most likely middle- 
ear suppurations of a non-tubercular nature. In phthisical 
patients, on the other hand, especially if there is a rapid destruc- 
tion of the membrane o'wing to the presence of tubercle bacilli 
in the pus, the prognosis is decidedly unfavourable, and a cessa- 
tion of the suppuration may be regarded as an extremely rare 
occurrence. 

Treatment. — When the pulmonary tuberculosis is not advanced, 
a sojourn in a mild climate and proper nourishment are, in 
addition to the local antiseptic treatment, the most important 
factors in bringing about a cure of the local disease. The sub- 
cutaneous injections of tuberculin have proved -worthless. The 
treatment is directed mostly to the general systemic condition 
of the patient. The middle-ear suppuration requires the 
usually antiseptic irrigations and instillations of medicated 
solutions, as boracic acid and alcohol, peroxide, etc. 

The opening up of the middle-ear spaces (mastoid operation) 
yields the most favourable results in the primary forms of tuber- 
culosis of the mastoid process; this is especially true in children. 
From the author’s observations {Londoner Kongresshericht, 1900) 
and those of Brieger (ibid,), the operation is indicated in cases of 
middle-ear tuberculosis in which the pulmonary affection is not 
advanced. In such cases we are not only able at times to cure 
the local process, but also to bring about an improvement in the 
general welfare of the patient and a cessation of the pulmonary 
condition. In individuals with advanced phthisis and in tuber- 
cular-necrotic processes, the prospects of the operation are poor. 
When symptoms of mastoid involvement present themselves, 
it is advisable to operate as early as possible, as long as the 
strength of the patient gives us some prospect of recovery. As 
a rule, the operation has only a palliative effect in weak indi- 
viduals with a constitutional taint. The bony walls of the 
abscess cavity usually continue to secrete pus, and are exceed- 
ingl}'- slow in granulating. In spite of the operation, we generally 
find that the necrotic process does not cease; the wound cavity 
is filled with pale, unhealthy granulations, and the affection has 
a tendency to spread. As a general rule, mastoid operations in 
tubercular individuals are slow in healing, and are sometimes 
refractory to all forms of treatment. It frequently happens that 
the mastoid cavity must be operated upon several times before 
a satisfactory result is finally attained. 

Lupoid affections^ of the middle ear are rare. In addition to the cases 
reported by Gradenigo and the author (p. 220), in 'which a lupoid ulceration 
extended from the naso-pharj’^nx to the middle ear, we must also mention 
the cases of Liarcs, in wliich the middle-car affection arose as a complication 
to a facial and nasal lupus. The prognosis is unfa'vourable. 
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Middle-Ear Suppuration in Syphilis. 

Syphilitic inflammation of the middle-ear mucous membrane 
is most frequently associated with a syphilitic naso-pharyngeal 
affection, and is brought about by the spread of the specific 
process 'per Uibam into the tympanic cavity. The specific ulcers 
and condylomata, which extend into the tube, not infrequently 
produce a stricture owing to adhesion of the pillars of the fauces 
with the posterior and lateral Avails of the pharynx, and in some 
cases a complete atresia. If the affection reaches the tympanic 
cavity, it may produce a simple catarrh which may disappear 
without leaving any vestiges, an adhesive catarrhal process Avith 
hyperostosis of the osseous walls of the middle ear, or a suppura- 
thm inflammation. The objective symptoms of syphilitic sup- 
puration of the middle ear are almost similar to those of the 
primary forms. Albert H. Buck described tAAm cases in Avhich, 
besides a double perforation, there Avere characteristic signs of 
syphilis on the membrane, Avhich corresponded in colour, ulcera- 
tion, diffuse swelling, etc., to a similar condition on the soft 
palate. The deafness is marked in the majority of cases, and 
comes on Avith great suddenness. The course and termination 
present great variations, inasmuch as by proper general and local 
treatment a cure may be brought about. If the disease is alloAved 
to go on, it may lead to marked ulceration of the mucous mem- 
brane, Avith caries and necrosis of the tympanic Avails, mastoid 
process, and petrous bone, and Avith facial paralysis; or the 
process may end fatally from a brain or sinus affection. Hoav-- 
ever, cerebral complications are more rarely met Avith in this 
affection than in the other infectious diseases. The diagnosis of 
syphilitic suppuration of the middle ear is difficult, if Ave take into 
consideration the fact that the condition of the membranatympani 
and middle ear but seldom presents characteristic symptoms. 
We are, therefore, rarely in a position to determine whether 
we are dealing Avith a true specific middle-ear suppuration, as 
often non-specific affections of the ear occur in syphilitic persons. 
The diagnosis of the syphilitic nature of the affection can be 
suspected only by the rapid destruction of the membrane, and 
by the sudden or rapid loss of perception through the cranial 
bones. In order to substantiate our diagnosis, Ave must always 
make a Wassermann examination of the blood. 

The prognosis is favourable only at the beginning of the 
affection, in the milder forms of the disease, and in persons Avho 
are otherwise in a healthy condition ; it is unfavourable, hoAvey er, in 
old and cachectic individuals, in middle-ear affections complicated 
Avith the formation of granulations and polypi, in caries, and m 
total deafness. The author has repeatedly seen cure follow an 
energetic general antisyphilitic treatment, eAmn in the severe forms. 
The local treatment is mainly antiseptic, and the instillation of 
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various medicaments into the middle ear as in any sujipuratiye 
middle-ear inflammation. It is needless to state that in this 
form of disease, as well as in all specific affections of the ear, 
a general antisyphilitic treatment must be adopted. Since the 
introduction of salvarsan intravenously, splendid results are 
obtained, in that the aural symptoms disappear rapidly, and 
the lost hearing returns within a short time. In some syphilitic 
patients, however, it has been found that a sudden loss of hearing 
arises after the administration of salvarsan. This is supposed 
to be due to a sudden stimulation or awakening of the spiro- 
cha 9 ta 3 in the internal auditory canal causing an auditory neuritis 
due to a specific action on the auditory nerve. In such cases we 
must again give one or more injections of salvarsan, whereupon 
the lost hearing usually returns. 

In leuksemia, characteristic middle-ear inflammations are occasionally 
observed, but as a rule the affection involves the internal ear much more often. 
Tlie changes in the mucous membrane consist partly of a free extravasation 
of lymphocytes or red corpuscles, and partly of a leukajmic and ha;morrhagic 
infiltration (Schwabach, Alexander, and Gradenigo). A more or less diffuse 
hrcmorrhagic exudate in the mucous membrane of the middle ear has also 
been observed in periricious ansemia (Habermann, Schwabach*). 


Aural Affections and Pregnancy. 

It is a well-recognized fact that pregnancy has, in a large 
number of cases, a deleterious influence upon the organ of 
hearing. This disturbance in hearing varies from a mild impair- 
ment to a total loss of tone perception. In reviewing the litera- 
ture on this subject, we find occasional reference to aural dis- 
turbances in pregnancy, in that cases are reported from time 
to time demonstrating clearly the important bearing that sexual 
changes have upon the aural mechanism in the female. ' It is 
not only the pregnant state in which the hearing is affected, but 
we find that other sexual conditions, such as disturbances in 
menstruation, masturbation, vicarious menstruation, and even 
miscarriages, exercise a harmful influence on the auditory 
apparatus. That these facts were well known to the older 
authors is evident from the writings of Hippocrates, who already 
at that time called attention to the changes in the ears of pregnant 
women. Similar observations were detailed by Gregorius 
Horn tins in 1660, and again by Pacillini in 1707. The changes 
in the ears of pregnant women are generally found in the middle 
ear, which may or may not be associated with changes in the 
labyrinth. As we lack autopsy findings in these cases, it is 
impossible to state what pathological changes take place, so that 
our diagnosis in such cases is made from the history of the case, 
from our clinical observations before and after parturition, and 
from the functional tests. 

* ZeitscJir. f. Olircnhcilk., vol. xxxv. 
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Symptoms. — The symptoms show considerable variations; the 
patients usually complain of head noises in one or both ears which 
vary in intensity, and a deafness of a mild form which either re- 
mains stationary or gradually becomes worse during the pregnancy; ' 
this impairment leads in some cases to a high degree of deafness, 
or even in exceptional eases to a total loss of the hearing function. 

Etiology. — The etiology of this form of deafness is still obscure, 
as we do not possess, as stated above, post-mortem data which 
•would thro'u^ any light on this subject. Various opinions have 
been advanced which, however, have not been substantiated. 
Lucge is of the opinion that the deafness is due to the marked 
loss of blood, in some cases producing a secondary anaemia of 
the internal ear, as a result of which changes are brought 
about which may be of a permanent nature. Trautman cannot 
advance any theory, and feels that it is due to some unknown 
cause, although it may be the result of a haemorrhage in the 
ear during child-birth as the result of an exacerbation of a pre- 
existing cardiac lesion. A great many aurists are of the opinion 
that syphilis is the underiying etiological factor. This does 
not seem to be the case, however, as one sees a large number of 
pregnant women 'unth impaired hearing, in whom there never 
was the least trace of syphilis, and in whom the Wasseimann 
test has proved to be negative again and again. Others believe 
that osteophytes may.be formed in the petrous portion of the 
temporal bone during pregnancy, which give rise to secondary 
changes in the internal ear. Whether it is due to a marked 
loss of blood, a hyperjemia, or a haemorrhage into the labyrinth 
is also a moot question. Pegot* is of the opinion that this form 
of deafness is due to the toxaemia of pregnancy — ^in other words, 
an auto-intoxication — whereby the toxines exercise a deleterious 
effect upon the auditory nerve, causing a neuritis which is as- 
sociated with more or less permanent destructive changes. The 
writer is inclined to accept this view, but yet cannot reconcile 
himself to the fact that in the majority of cases the tests sho'vv 
that the cause of the trouble lies 'in the middle ear, in that wo 
usually find a chronic catarrhal otitis media of varying degree, 
or a more or less developed otosclerosis. It has been observed 
that in all cases in which there is a pre-existing impairment of 
hearing, even of a mild degree, it is often aggravated during and 
after pregnancy, becoming more intense as the pregnancy 
advances. It has also been noted that if the patient is left 
with a deafness in one or both ears, whether the impairment is of 
a mild or severe form, the hardness in hearing becomes more 
intense with each successive pregnancy. The writer had 
occasion to see a young woman who, after her first confinement, 
developed symptoms of a severe toxcemia, running temperatures 

* J. G. Pegot, ‘ Les Surdites de la Purunculose et do la Grossesse,’ Paris 
Thesis, 1901. 



CARIES OF THE TEMPORAL BONE 


469 


as higli as 105°, and who became totally deaf in both ears. The 
functional tests revealed a marked middle-ear lesion, with only 
a mild involvement of the labyrinth. All forms of treatment 
were administered, but of no avail, and she has not regained her 
hearing, which is now a period of nearly a year. 

Treatment. — The aural treatment of deafness associated with 
pregnancy is, in the majority of cases, of no avail. Our local 
measures have little influence upon the condition in the ear, 
so that our only hope in preventing a further advance of this 
affection often lies in the hands of the obstetrician. The local 
treatment is the same as that employed in the ordinary middle- 
ear catarrhs. As experience has demonstrated that the aural 
condition is often aggravated with child-birth, we are frequently 
confronted with the question whether it is advisable to allow 
the patient to go to full term, or to induce labour with the hope 
of staying the progress of the disease. This is a matter which 
must be carefully weighed in each case, and one must consider 
well whether, in some instances, abortion is not justifiable.* 

The Carious and Necrotic Affections of the 
Temporal Bone which develop in the Course 
of Suppuration of the Middle Ear. 

Etiology and Occurrence. — The occurrence of ulcerative 
osseous affections in the course of suppuration of the middle ear 
is due partly to local changes in the ear and partly to con- 
stitutional diseases, such as tuberculosis, scrofula, syphilis, 
diabetes, marasmus, mercurial and other cachexise, and to trauma 
and new growths. Their frequent occurrence in infectious 
' diseases has already been pointed out. Among the local causes, 
the most important are the following: Eetention of pus in the 
middle ear due to stricture of the auditory canal and to the 
formation of polypi, granulations, and cholesteatomata in the 
tympanic cavity; stagnation, thickening, caseation, and decom- 
position of the purulent secretion, or the accumulation of 
epidermic masses in the pneumatic spaces of the tem^Doral bone; 
and, finally, ulceration of the mucous membrane, which, after 
exposure here and there of portions of the walls of the cavum 
tympani, extends to the osseous tissue. That in many cases we 
have to deal with a disturbance in nutrition in the hone due to 
disease of the periosteum, and that the caries (ulcerative ostitis) 

* Sara. M. Brickner, ‘The Unfavourable Influence of Pregnancy upon 
Chronic Progressive Deafness,’ Ainer. Journ. of Obstet., vol. Ixiii., No. G, 191 1. 

W. W. Jforland, ‘Deafness in Connection Avitli Pregnancy and the Puerperal 
Condition,’ Trans. Amcr. Soc. Boston, 1869. 

Tlios. E. McArdlo, ‘ The Influence of the Sexual Life of Women in the 
Etiology of Certain Diseases of the Ear,’ Trans. Amcr. Assoc, of Obstet. and 
Oi/n., vol. i., 18SS. 
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is often due to a tubercular, and occasionally to an osteo-myelitic, 
process in the bone has been fully established by pathological 
findings. 

Caries of the temporal bone is developed less often in acute 
suppurations of the middle ear — ^in particular the scarlatinal- 
diphtheritic, measles, tubercular, syphilitic, and typhoid forms — 
than in the chronic forms. It occurs more frequently in children 
than in adults. The osseous affection ranges from a slight 
superficial circumscribed caries, not larger than a pin’s head, to 
an extensive destruction, involving almost the whole of the 
temporal bone. The most extensive destructions are encoun- 
tered in those affections due to scarlet fever and tuberculosis. 
The pneumatic portions of the temporal bone are more .frequently 
the seat of caries and necrosis than the diploetic and compact 
bone substance. Accordingly, the mastoid process and the 
posterior superior wall of the external meatus are most commonly 
affected, more rarely the tegmen tympani, the promontory wall, 
the pars petrosa, the anterior wall of the meatus, the pars 
squamosa, the labyrinthine capsule, and the apex of the petrous 
bone. The process may be confined to one of the parts just 
mentioned, or diferent areas may be involved. 

A portion of the temporal bone which may be the seat of 
caries is the inferior tympanic space. The assertions of Kretsch- 
mann and Grunert that the walls of the so-called cellar {cavum 
hypotympanicuvi) are also occasionally the seat of caries can be 
confirmed by the author by specimens in his collection. The 
ulcerative process extends comparatively seldom to the lateral 
sinus and to the carotid artery, in spite of the fact that the cell 
spaces of the cellar extend from the inferior anterior wall of the 
meatus to the carotid canal. Hence, in opening the middle- ■ 
ear spaces, one must not forget to thoroughly explore these 
regions. 

The carious processes arising from the middle ear lead, 
through degeneration and absorption of the osseous tissue, or 
through necrosis and exfoliation of large osseous masses, to the 
formation of large defects in the temporal bone, in consequence 
of which extensive communications are produced between the 
meatus, mastoid process, and tympanic cavity. Simultaneously 
in other parts, especially in the osseous tissue surrounding the 
carious portions, the cavity is considerably contracted by diffuse, 
sclerosed, or more frequently by flat, reticular, fenestrated 
osteophytes. Besides caries, the author very often 'found the 
latter form of bone formation in the larger air-spaces of the 
mastoid process. In other cases the spaces are first filled with 
granulation tissue, which later ossifies into a solid mass. 

In addition to caries of the temporal bone, one generally finds 
extensive changes in the lining membrane of the middle ear and 
of the meatus, as well as in the membrana tympani and ossicles. 
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The mucous membrane is not infrequently either ulcerated, 
or changed into spongy granulation tissue, which may either 
partly, or entirely fill the middle-ear spaces, and grow out into 
the meatus, or it may be studded with polypoid proliferations. 
Experience has shown that it is the dirty-gray, discoloured 
granulations which are filled with micrococci, and spring from 
carious bases in the neighbourhood of cario-necrotic areas, that 
grow again after removal. The lining membrane of the meatus 
appears infiltrated, undermined, or loosened; the membrana 
tympani is destroyed to a great extent, or has undergone polypoid 
degeneration (v. Troltsch), or its remnants have become adherent 
to the inner wall of the tympanic cavity, while the ossicles may 
be loosely articulated, carious, or exfoliated. The spaces not 
filled with proliferations of mucous membrane contain offensive, 
caseous masses of cholesteatoma, or ichor mixed with blood, 
cholesteatomatous masses, and exfoliated spicula of bone. 

Symptoms of Caries of the Temporal Bone. — Pain, in- 
creasing especially at night, is the most prominent of the sub- 
jective symptoms accompanying caries of the temporal bone. 
This is sometimes very intense even with small circumscribed 
bony ulceration, while cases of extensive caries and sequestrum 
formation, especially in tuberculous and scrofulous persons, may 
run their course without any pain. The pain is caused either by 
inflammation of the periosteum and of the bone accompanying 
the ulcerative process, or by the retention of secretion, in which 
case the most intense pain often quickly subsides if the pus 
escapes spontaneously or is removed by operative measures. 
When the sequestrum has completely formed, the pain often 
ceases. Obstinate pain, however, may be caused at times by 
an angular, loose sequestrum of the mastoid process or labyrinth, 
which has not yet been completely cast off or has become im- 
pacted. As a rule, the pain ceases only after the dead bone has 
been removed. At times, when there is a localized caries, 
neuralgic pains are experienced in the parts supplied by the 
trigeminus nerve. 

The following are frequent, though by no means constant or 
characteristic, symptoms of caries: Severe subjective noises, 
dizziness and vomiting, stupor, great irritability of the nervous 
sj^stem, mental excitement and sleeplessness, accelerated pulse, 
an occasional chill, and a rise in temperature especially towards 
evening. Tinnitus and dizziness, which are present at the 
beginning of a labyrinthine necrosis, entirely disappear after the 
demarcation of the sequestrum. 

The objective symptoms of caries of the temporal bone are of 
much greater importance. These, however, are by no means 
alwa3'S so pronounced that we may come to the conclusion that 
an iilceration or necrosis is present. For this reason the nature 
of the discharge, the changes in the external meatus and in the 
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neighbourhood of the ear, and not infrequently the simultaneous 
functional disturbances in the course of the facial nerve, are 
important in allowing us to assume with great probability that 
we are dealing with a localized caries of the mastoid bone. 

The discharge, especially when the caries is extensive, is 
very copious and of a thick, cream-like character; often, how- 
ever, it may be thin like meat-juice, bloody, of a bad colour, 
irritating, and, in spite of antisepsis, offensive. The suppuration 
may at times temporarily stop, or suddenly cease entirely, if the 
escape of the secretion is prevented by constriction of the meatus, 
by granulations, or by the impaction of a sequestrum. 

The changes in the external auditory canal accompanying 
caries are diffuse swelling, infiltration and ulceration, with the 
rapid formation of granulations and polypoid proliferations which 
spring from the edges of a carious fistula. The frequent occur- 
rence of bulging of the cutis of the superior and posterior walls 
of the meatus is of special importance from a diagnostic stand- 
point. This is caused either by the spreading of the suppuration 
of the middle ear to the pneumatic and diploetic spaces of the 
superior wall of the meatus, or by the ' extension of an inflam- 
mation from the mastoid process to the posterior superior wall 
of the osseous meatus. In consequence of the undermining and 
separation of the cutis produced by the accumulation of pus 
and cholesteatomatous masses, a sinking of the superior w^all 
of the meatus ensues, which leads to a complete occlusion oi the 
lumen of the canal. The frequent recurrence of such a sinking 
of the wall must be looked upon as an unfavourable complication 
of a chronic suppuration of the middle ear. 

Bulging of the superior posterior wall of the meatus generally 
develops with violent pain, seldom without. This sinking dis- 
appears either spontaneously, or, often after some weeks, rupture 
of the cutis takes place with a discharge of fluid or caseous pus, 
cholesteatomatous masses, or necrosed pieces of bone of the 
meatus and mastoid process. In rare cases parts of the 
cartilage of the auditory canal are laid Jbare by the suppuration, 
so that its jagged edges project freely into the lumen of the 
meatus. 

By carefully probing one can ascertain the length and direction 
of a fistula, the locality and extent of the destructive process, 
and at the same time detect the presence of sequestra. 

In consequence of caries of the temporal bone, there often 
develops an extensive swelling of the lymph-glands on the side 
of the neck, as well as inflammatory areas and abscesses in the 
neighbourhood of the ear. These are mostly located on the 
external surface of the mastoid, or on the parts inferior or posterior 
to it; the parts in front of the ear are less often involved. They 
arise either from direct extension of the inflammatory process 
in the temporal bone to the surrounding soft jiarts, or by trans- 
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mission of the inflammation through some existing channel 
(places of union between the cartilaginous and osseous meatus, 
the incisurse Santorini, dehiscences in the os tympanicum, 
peritubal connective tissue, emissarium mastoideum, etc.); less 
often, however, they develop without any immediate connection 
with the diseased part in the temporal bone, by extension of the 
inflammation through the blood and lymph-vessels, to the soft 
parts surrounding the bone. Not infrequently these abscesses 
bore their way .down below the region of the ear to the neck, and 
extend into the thoracic cavity, almost always following the 
course of the spaces formed by the deep cervical fascia.* 

The objective signs of caries vary greatly. Sometimes the 
region of the mastoid process is found to be greatly infiltrated, 
swollen, hard or fluctuating, and the auricle, which may be 
normal or else markedly infiltrated, is seen to stand away from 
the head; sometimes, however, when the pus has collected in 
the soft parts surrounding the inferior wall of the meatus, or when 
the abscess in the bone has discharged into the tissues internal to 
the mastoid, there develops a hard, painful swelling, extending 
over the lateral cervical region, which is caused by the infiltration 
of the parotid gland and of the connective tissue beneath the 
cervical fascia. Sometimes the inflammation sjjreads to the 
occipital and cervical regions (with contraction of the cervical 
muscles), and at times to the vertex and to the face. Erysipelas, 
associated with great oedema of the face and eyelids, sometimes 
occurs in the region of the ear, which may spread to the face, to 
the other side of the head, and along the neck to the thorax and 
the arm. 

If the process goes on to the formation of an abscess in the 
parts surrounding the ear, the pus either makes its way into the 
external meatus by bursting through the cartilage itself, through 
one of the fissures of Santorini, or through the membranous 
part of the cartilaginous meatus; or it works its way to the skin 
of the external region of the ear, and breaks either behind, 
in front of, or above the ear, and discharges externally. In 
exceptional cases the pus makes its way inwards towards the 
naso-pharyngeal space, where it can result in a retro-pharyngeal 
abscess. In one of the author’s cases the caries of the temporal 
bone was associated with caries of the bodies of the cervical 
vertebra). Ghorardo Eerreri frequently saw a middle-ear sup- 
puration in children extend to the parotid gland and to the joint 
of the inferior maxillary bone. In some cases the abscess breaks 
through, forming a fistulous opening, which often remains for 
years— in fact, until the diseased condition of the bone heals 
spontaireously or is exposed by operation. 

There is a great diversity in the site of these fistulous open- 
ings, Avhich are often very obstinate to treatment, and are filled 
* Lcidler, Archiv f. Ohrenlieilk., 1903. 
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with unhealthy granulations. They are most frequently found 
around the mastoid process, and occasionally beneath the 
auricle, less often above the auricle and in front of the tragus. 
Sometimes the fistulous canals communicating with the carious 
cavity in the temporal bone discharge their contents at a distant 
part, such as the occiput, the cervical region, or, as in a case 
observed by the author, in the supraclavicular region. The 
number of fistulous openings also varies. Often there is only one 
opening, but sometimes there are several fistulous openings, 
which are situated closely together or at some distance from each 
other, which communicate either directly with each other, or 
empty into one common carious cavity. 

Frequent symptoms of caries developing during the course of 
a middle-ear suppuration are paresis and paralysis' of the facial 
nerve. These conditions are most frequently observed in the 
scarlatinal- diphtheritic, tuberculous, and syphilitic forms of 
middle-ear suppuration. 

Paralysis of the facial nerve is caused : 

1. By an inflammation extending to the Fallopian canal, and 
to the sheath of the facial nerve, without caries of its osseous 
canal (neuritis and perineuritis). These are the most favourable 
forms of facial paralysis, because after the inflammation in 
the Fallopian canal has subsided, and after the exudate has been 
absorbed, the paralysis completely disappears. A dehiscence in 
the Fallopian canal does not necessarily favour the development 
of facial paralysis, for it has been found that, in caries and necrosis 
of the walls of the cavum tympani, the facial nerve may lie free 
in the tympanic cavity completely surrounded by pus, without 
any symptoms of facial paralysis ever having been observed during 
the life of the patient. 

According to the author’s observations, slight facial paralyses, perceptible 
only on close examination, are rather frequent in simple cases of clironic 
suppuration of the middle ear. Of all the cases of suppuration of the middle 
ear seen by Bezold, only 1 per cent, had a marked facial paralysis. That 
facial paralysis sometimes occurs even in cases of simple, non-perforating 
catarrh has been proved by the observations of Wilde, v. Troltsch, Tillmanns, 
Politzer, etc. 

2. By extension of the destructive process to the facial nerve 
itself, which loses its function either through micro-parasitic 
or tubercular infection, or through erosion. Facial paralysis is 
seldom caused by a hyperostosis of the facial canal, which has 
developed during the course of a chronic middle-ear suppuration. 

Tlie facial nerve is most frequently affected in necrosis of the labyrinth. 
The cases of labyrinthine necrosis which Bezold collected from the otological 
literature showed that the facial nerve was involved in 83 per cent, of 
the cases. This nerve runs the greatest risk of destruction when the 
labyrinth is thrown off in its entirety as a sequestrum in necrosis of the upper 
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part of the vestibule, and in caries of the posterior part of the inner tympanic 
•wall surrounding the Fallopian canal. Facial paralysis is less often observed, 
on the other hand, -when the necrosed cochlea is thrown off. 

3. By injury of the facial canal during the radical mastoid 
operation. 

Facial paralysis is generally unilateral, and very rarely bilateral. 
A peculiarly rigid and immovable expression of the face is 
characteristic of such a bilateral total facial paralysis. 

The degree of facial paralysis varies; this depends on whether 
the transmission is interrupted in certain bundles, or in the whole 
nerve-trunk. In the former case the different branches of the 
facial nerve are unequally affected, and one therefore finds that the 
paralysis is sometimes most pronounced in the upper branches— 
that is, in those extending towards the forehead and orbicularis 
palpebrarum — and sometimes in the lower branches, or, in 
other words, in those extending towards the nose and angle 
of the mouth. As a rule the orbicularis palpebrarum is less often 
affected than the muscles of the angle of the mouth and of the 
nose. General, though slight, paresis of the facial nerve points 
to a diminished conducting power in the whole nerve-trunk. 
On the other hand, complete and persistent paralysis affecting 
all the ramifications of the nerve allows us to assume that there 
is a deep-seated lesion and an interruption in the conducting 
power of the nerve. Eethi has proved experimentally that the 
levator palati mollis is not supplied by the facial, but by a branch 
of the pneumogastric nerve. 

The reaction to electricity of the paralyzed nerves and muscles is, in the 
milder forms, either normal or somewhat exaggerated. In the more severe 
forms tlie muscles exhibit an abnormal reaction. The faradic contractility 
of the muscles, which is frequently increased at the beginning of the disease 
(Erb, Benedikt), rapidly diminishes in the further course of the affection 
until it is completely lost, while the muscles respond more strongly to the 
galvanic current than those of the normal side. In a later stage, in advanced 
atropiij^ of the nerve and muscles, the galvanic contractility also entirely 
disappears. When! recovery or material improvement takes place in the 
more severe forms of this affection, the electric reaction, according to Benedikt, 
returns in inverse order to that in which it is lost. 

Severe pain in the ear and in the corresponding side of the 
face often precedes the development of a facial paralysis; in 
other cases not the least pain is experienced, and the paralysis, 
is ushered in by twitchings of the facial muscles (spasmodic tie). 
Finally, the paralysis may come on quite suddenly without any 
premonitory symptoms. During the course of the affection, one 
observes marked fluctuations in the degree of the paralysis. 
If improyeinent or cure takes place, it does not always 
occur uniformly in all the parts supplied by the facial nerve, 
so tliat some of the branches remain paralyzed longer than 
others. 
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' The terminations of facial paralysis are: 

1. A return to the normal function, in cases in which the 
inflammation which spreads to the neurilemma, or nerves of the 
face, completely subsides. 

2. Persistent paresis of the whole nerve, or of certain of its 
branches, when through thickening and subsequent contraction 
of the neurilemma the conducting power of the nerve is impaired, 
or when individual bundles of the nerves have lost their function. 

3. Complete and persistent paralysis of the facial nerve, when 
the conducting power of the nerve-trunk has been entirely 
destroyed by ulceration, or by the formation of indurated masses. 
The consequences of such a paralysis are secondary atrophy of 
the facial muscles; permanent conjunctival catarrh, and, Avhen 
the corresponding side of the palate is paralyzed, secondaiy 
catarrh of the middle ear on the previously healthy side, owing 
to the impaired action of the muscles of the tube. 

Prognosis. — The prognosis of an otitic facial paralysis depends 
on the anatomical conditions and upon the duration of the 
paralysis. It is most unfavourable in extensive sequestra 
formation of the petrous bone and in tubercular middle-ear 
suppurations. The rapid develoj^ment of a total paralysis with 
an objective, demonstrable caries and necrosis makes the 
prognosis unfavourable. A relatively favourable prognosis can 
be given in the paralysis arising during a radical mastoid opera- 
tion if the regeneration of the nerve is not hindered by the 
interposition of a splinter of bone between the cut ends of the 
nerve during the operation. 

Important, from a prognostic standpoint, is the differential 
diagnosis between rheumatic and otitic facial paralysis, inasmuch 
as a rheumatic paralysis may arise during the course of a non- 
suppurative or suppurative middle-ear affection. From the 
observations made at the author’s clinic Neumann [Wieiier med. 
Wochensclir., 1903) found that the rheumatic paralysis arises 
suddenly, and affects all the branches of the nerve — ^in particular 
that branch supplying the angle of the mouth — while the otitic 
facial paralysis develops slowly, usually effecting one branch 
after the other. 

Although, according to what has just been said, the prognosis 
of otitic facial paralysis is not always unfavourable, still its 
appearance in the course of a suppuration of the middle ear 
must always be regarded as a serious symptom, in so far as it 
is often the forerunner of a more serious complication. _ A long- 
continued, normal reaction of the nerve to electric irritation 
(constant current) is generally regarded as a favourable symptom. 
On the other hand, the rapid development of the reaction of 
degeneration is to be looked uj)on as an unfavourable symptom. 

The galvanic treatment should be used only when the 
symptoms of reaction have disappeared, and if there are no 
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other threatening phenomena. The result is frequently favour- 
able, as the author has repeatedly seen cases_ in which facial 
paralyses of long standing were cured or decidedly improved 
with the galvanic current. When the paralysis has existed a 
long time, especially after the caries and suppuration have been 
cured, and the lack of degeneration is duo to a destructive or 
callous formation, it is self-evident that treatment of any kind 
remains fruitless, and the application of the electric current 
can in such cases only serve the purpose of checking the atrophy 
of the muscles of the affected side. 

hi the last few j’-ears it has been tried, based on_ the experiments on 
animals carried out by-Manassc, to restore tlio function of tlio paralyzed 
facial nerve by uniting it with the nervus accessorius or with the hypoglossus. 
For this purpose the peripheral end of the accessorius or hypoglossus is 
dissected out, and the facial nerve is exposed as far as the foramen stylo- 
mastoideum. The facial nerve, which is severed as high up as possible, is 
now united with the accessorius or hypoglossus tlirough a lateral incision, 
and the wound closed up. A result of tliis union is often noticeable only 
after several months. Ballancc recommends cutting the facial nerve as liigh 
up as possible after having chiselled away the lowest portion of the Fallopian 
canal. 

The results of these operations are, on the whole, rather unsatisfactory. 
When the facial is united with the accessorius, and the facial is put into action, 
anno3dng movements are observed in the muscles of the shoulder; when it is 
joined to the hypoglossus, paralysis and atrophy arc noticed in the corre- 
sponding haK of the tongue. 

Diagnosis of Carious and Necrotic Processes in the Tem- 
poral Bone. — The diagnosis of caries and necrosis of the tem- 
poral bone can be made if the carious spots in the meatus or in 
the tympanic cavity, which appear pale, grayish-yellow, or dis- 
coloured, feel rough on probing, or if sequestra of hone are visible 
in the meatus or in the deeper parts. On the other hand, the 
diagnosis is very difficult, and often impossible, if the affection 
is deeply seated and inaccessible, and if there is an absence of 
striking symptoms. In those cases in which the denuded osseous 
tissue is so overgrown with granulations that caries or a 
sequestrum cannot be seen with the naked eye, the diagnosis 
can be made only by probing. 

It is very important Avhen using the probe in the tympanic 
cavity to exercise the utmost care. If this precaution is neg- 
lected, it is not only possible to dislocate the ossicles, but one is 
apt to perforate the promontory wall, which is often corroded 
and soft. The consequences of such a perforation may be very 
serious, as the pus may find its way into the labyrinth, and 
extend from there to the cranial cavity. In addition, careless 
cause dangerous consequences by opening some 
of the spaces in the diploe, into which the ichorous pus penetrates, 
thus fanchng an easy entrance into the venous passages in the 
skull and into the general circulation. 

When examination with the probe yields no positive result. 
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caries may be assumed to exist from the following symptoms: 
Persistent or frequently-recurring pain in the ear, which increases 
when percussing the mastoid process; a copious, offensive dis- 
charge, which is often like meat-juice; a discharge which contains 
small particles of bone; a continuous or oft-recurring infiltra- 
tion and sinking of the lining membrane of the osseous meatus; 
polypi or granulations growing rapidly from the tympanic cavity; 
and the frequent formation of abscesses in the region of the ear, 
which do not heal, and leave fistulous openings. Obstinate sup- 
purations of the middle ear, without the above-mentioned objec- 
tive and subjective symptoms, may also allow us to assume the 
presence of a carious area. Still, such suppurations, which resist all 
local treatment, may also be caused by cholestestomata, and by a 
suppurative process at some inaccessible part of the temporal bone. 

Prognosis of Caries of the Temporal Bone. — The prognosis 
of caries depends on the character, the seat, and the extent 
of the osseous affection. It is more favourable in healthy 
individuals, when the affection is superficial, and when the local 
conditions allow the escape of the secretion, the removal of the 
sequestrum, and the employment of a rational antiseptic and 
surgical treatment. On the other hand, the prognosis is un- 
favourable in tuberculosis, scrofula, syphilis, diabetes, marasmus, 
and cachectic individuals; furthermore, in deep-seated caries of 
the pyramid and tegmen tympani, in strictures of the external 
meatus, in abnormal adhesion between the membrana tympani 
and irmer wall of the tympanum, and, finally, when there is an 
extensive formation of granulations in the tympanic cavity which 
prevents the free discharge of the septic secretion. 

The extent of the osseous affection does not allow one to say 
whether the prognosis will be fatal or not, as sometimes a circum- 
scribed caries confined to the roof of the tympanum leads to 
rupture into the cranial cavity, while in extensive caries reaching 
to the dura mater and the sinus, a greater part of the temporal 
bone may form a sequestrum and be ejected without causing 
a fatal result. When the caries and necrosis are extensive, the 
hearing function is generally very seriously impaired; this is due 
to the extension of the inflammation in the bone to the labyrinthine 
capsule. In these cases, when performing Weber’s test, the tone 
of the tuning-fork is heard in the ear which is not affected, 
thereby demonstrating that we are dealing with a labyrinthine 
suppuration. 

Course and Termination of Caries of the Temporal Bone. 

— Caries of the temporal bone develops either suddenly, with a 
rapid destruction of tissue and the formation of a bony seques- 
trum (especially in the tubercular, scarlatinal-diphtheritic, and 
syphilitic middle-ear suppurations), or it runs an insidious 
course, and ends only after months or years in the formation of 
a sequestrum. A rapid extension of the process is observed 
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in children in the first yocars of life. Not infrequently _ an 
occasional pause ensues during the course of the affection, 
followed by an exacerbation of the destructive ostitis. Such a 
relapse develops either vuth violent reactive symptoms, or 
insidiously. The caries may be entirely cured at one part of the 
temporal bone, and break out again after some months or years 
at another part, or in the immediate neighbourhood of the former 
inflammation. 

The terminations of caries and necrosis of the temporal bone 

ai'C- . . , 

1. Recovery, without any material change m the temporal 
bone. Such an issue is observed in caries and absorption of 
the superficial osseous lamellse of the external meatus and of the 
middle ear. 

2. Recovery, with permanent loss of osseous tissue. The loss 
of substance in these cases occurs either from a gradual absorp- 
tion of the osseous tissue spreading from the surface to the 
interior, or from the confluence of the cavities of the temporal 
bone, as a result of the exfoliation of necrosed fragments of bone 
in the form of irregular, rough, and sometimes fenestrated 
sequestra. 

3. Extension of the carious suppuration to the facial canal, 
cranial cavity, and venous sinuses, terminating in death from 
meningitis, abscess of the brain, and sinus phlebitis {wde chapter 
on Intracranial Complications, p. 567). 

4. Erosion of the walls of the carotid canal and lateral sinus, 
with a fatal termination from haemorrhage, 

5. Death, due to the entrance of septic material from the 
cario-necrotic parts of the temporal bone into the blood (pyaemia, 
general septicaemia), or from a general infection taking its origin 
from the focal affection (tuberculosis, marasmus, albuminuria, 
amyloid degeneration of the internal organs). 

The formation of a sequestrum in the temporal bone generally takes place 
slowly, but does sometimes develop very rapidly, as in the scarlatinal- 
diphtheritie forms of otitis. By the retention of the sequestrum in the carious 
cavity, the profuse suppuration and the formation of new granulations are 
often kept up, which, after removal of this fragment of bone, generally subside 
immediately. Violent pains, eonvulsions, dizziness, and vomiting often cease 
upon the removal of the sequestrum. Sometimes the sequestrum wanders 
from its original position. 

The size and form of the sequestra depend on the site and extent of the 
caries. Often only one sequestrum is found, but not infrequently there are 
several disconnected fragments of exfoliated bone. In children the caries 
develops more rapidly and more extensively than in adults. 

According to the author’s observations, circumscribed superficial necrosis of 
the walls of the tympanic cavity most commonly affects the external osseous 
layer of the promontory; this lamella, lying beneath the granulating mucous 
membrane, is cast off in the form of a thin, serrated plate, on which sometimes 
a part of the sulcus Jacobsonii is found. In other cases there is a necrosis 
in the bone of the promontory, which penetrates to the lamella of the labyrinth 
without any demonstrable loss of bone tissue, and is due to an ulcerative 
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destruction of the mucous membrane. Such an ulcer has a Avoi’in-eaten, ragged 
appearance, owing to the numerous ridges and depressions of the inner wall 
of the tympanum. 

More extensive and of greater importance are the sequestra in deep-seated 
caries. These are scarcely ever confined to one portion of the temporal bone. 
At times they involve parts of the meatus and mastoid process, or parts of the 
mastoid process and pyramid, or a greater part of the temporal bone with parts 
of the meatus, squamous bone, mastoid proeess, and labyrinth. 

The literature of otology is rich in examples of sequestration and spon- 
taneous exfoliation of large parts of the temporal bone. Not infrequently a 
single part or the whole of the labyifnth is cast off. The coclilea, the semi- 
circular canals, or the entire labyrinth are occasionally cast off as a sequestrum. 
According to Bezold (Archivf-. Olirenheilk., vol. xvi.), about 20 per cent, of 
the cases of labyrinthine necrosis die from consecutive brain and sinus 
affections. 

Labyrinthine necrosis produces complete deafness. Nevertheless, in 
erosion of the semicircular canals, the perception for sound may still be pre- 
served if the pus has not extended to the cochlea. After necrosis and exfoha- 
tion of the cochlea, perception for speech and tones is lost. The statements 
that perception for speech and musical tones is stiU present after exfoliation 
of the coclilea are misleading, because, in a unilateral affection, the hearing of 
the other ear cannot be entirely excluded during the hearing-tests. The 
observations of Burckhardt-Merian, Kretschmann, and the author, that 
Weber’s test is sometimes lateralized to the ear in which the cochlea has been 
exfoliated, is difficult to explain. 

The symptoms accompanying labyrinthine necrosis, such as complete deaf- 
ness, dizziness, and vomiting, are of diagnostic value only if a sequestrum 
can be felt in the deeper parts of the ear with the probe, as these same symptoms 
may also arise when pus enters the cavity of the labyrinth. The diagnosis of 
lab 5 'rinthine necrosis is made more plausible if these symptoms are accompanied 
by a paralysis of the facial nerve. According to Herold (VerJiandl. d. Verein^ 
d. Chirurg. Berlins, 1893), disturbances of equilibrium may be wanting when 
the entire labyrinth is sequestrated. 

That, in spite of extensive destruction of the petrous bone 
reaching almost to the dura mater, complications causing death 
do not always occur is explained by the fact that proliferations 
of connective tissue are developed around the sequestrum, whereby 
a protecting wall is raised against the suppurative process. _ This 
is clearly shown by the proliferation of connective tissue in the 
internal meatus, as observed by Wendt, which, in the case of a 
sequestrum of the pyramid, prevented the suppuration from 
spreading to the base of the skull. Changes, such as connective 
tissue new growths, hyperostoses, and osteo-sclerosis,_ are also 
found in other parts of the petrous bone, at the border line of the 
cario-necrotic process, and act as a barrier, preventing the spread 
of the destructive process. 

When the sequestrum has been discharged or removed, the 
cavity formed by the loss of osseous substance is, as a rule, filled 
up with granulations which ossify after being transformed into 
fibrous connective tissue (callus). In other cases, even when 
the sequestrum is still present, the walls of the cavity become 
covered with scar tissue which, through the invasion of the 
epidermis of the external meatus, is changed into the matrix of 
a cholesteatoma. 
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Besides the formation of cavities in the temporal bone, as 
mentioned above, there often occurs, through exostosis and 
hyperostosis, an obliteration of the defect formed by the_ necrosis 
and a narrowing and obliteration of parts of the tympanic cavity 
and of the meatus; sometimes the entire tympanic cavity is 
obliterated by the new-formed connective tissue, and an atresia 
of the external meatus has even been known to occur; in such 
cases the meatus is closed like a cul-de-sac, of varying size, with 
an unyielding osseous mass. It goes without saying that such 
changes are usually associated with a disturbance of hearing of 
a high degree or total deafness. 

The Treatment of Carious Processes in the Middle Ear. 
— In the conservative treatment of^ carious processes in the 
temporal bone, it is most important to remove as much of the 
stagnant secretion as possible by frequent syringing with anti- 
septic solutions. Owing to the excellent results obtained by 
operative procedures, the conservative treatment has fallen 
into the background, and it is now practised only in circum- 
scribed caries of the osseous meatus and of the margo tympanicus. 
Frequent syringing of the meatus is one of the main factors in 
limiting the carious process, and in preventing its extension 
to the cranial cavity. If the external auditory canal is filled with 
granulations or polypi, they must be thoroughly removed. In 
narrowing of the meatus due to undermining of the posterior 
superior wall by pus, extensive incisions should be made in the 
prominent portions in order to allow the pus or caseous masses 
to escape. In more extensive narrowing near the membrana 
tympani, thin elastic tubes should be passed through the narrowed 
, portion, and the secretion washed out -with a solution of boracic 
acid, carbolic acid or lysol, or with a weak solution of sodium 
chloride (^1 per cent.). 

Syringing the tympanic cavity through the Eustachian tube 
with a weak solution of boracic acid or saline solution (seep. 124) 
has proved of special value. Such injections not only wash out 
putrid secretion and caseous masses, but frequently bring about 
a rapid relief of the violent pains in the ear. The author 
attaches great value to this procedure in the treatment of caries, 
as, according to his experience, the subjective symptoms are 
removed more quickly by this method than by any other local 
therapy.'*' When the pains are intense and cannot be alleviated, 
one is often compelled to resort to subcutaneous injections of 
morphine. 


Local treatmeut is seldom successful in curing, tins disease. Cauterization 
ivith trichloracetic acid (10 per cent.) or "with the galvano-cautery is of some 
value only in limited, superficial caries of the walls of the meatus; it should 


- * ^P: Gonion. Ueber den tJiempeniiscken IVerth der Diirchsrnilunq des 

Mittelohrs, etc. Wratsch, 1884, No. 27. ^ ^ . 
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neA'^er be employed in caries of the promontory Avail. Kretschmann speaks 
higlily of pencilling the parts AA'ith iodol alcohol (iodol 2 - 0 , alcohol 16 - 0 , 
glycerine 32 - 0 ); Aysaguer recommends instillation of lactic acid. 

In necrosis of the Avails of the auditory canal, curetting the 
denuded bone by means of small, sharp spoons is successful only 
Avhen the caries is superficial; if the disease in the bone is more 
deeply seated, scraping is of no avail. One must not curette 
too deeply on the superior wall of the meatus, on account of its 
proximity to the cranial cavity. After having scraped away 
the diseased bone, the Avound should be insufflated with iodoform, 
iodol, or some antiseptic poAvder, and the external meatus, having 
been cleaned and dried, should be tamponed loosely with iodoform, 
xeroform, or ordinary plain sterile gauze. 

Although, in the treatment of caries of the temporal bone, 
our main object is to combat the destructive process by proper 
local measures, yet these should ahvays be combined Avith a 
proper general systemic treatment. In the case of emaciated 
persons, suitable tonics should be adiminstered. In cases in 
Avhich the Wassermann test shoAA^s the presence of syphilis, an 
energetic anti- syphilitic treatment must be instituted. Tubercular 
cases are usually very refractory to treatment, and as a rule 
require a change of environment. Mineral water containing the 
iodides, iodide baths, and a hydropathic treatment are in some 
instances very effectual in limiting the local affection, as well as 
in raising the general tone of the system. 

The conservative treatment of cario-necrotic processes of the 
temporal bone is indicated only if an operative procedure is 
contra-indicated or refused by the patient. In the majority of 
cases, hoAveAmr, a satisfactory outcome can be obtained only by 
more radical measures — that is, by a simple acute or a complete 
radical mastoid operation. 

Treatment of Facial Paralysis. — This is the same as the 
treatment of suppuration of the middle ear and of the carious 
affections of the petrous bone. If the paralysis commences Avith 
violent pains in the ear during the com’se of an acute middle-ear 
suppuration, the internal use of large doses of iodide of potassium 
(0-5-T0 gramme daily) is of great value. This internal medica- 
tion may be augmented by rubbing ointments of the iodides, to 
AA^hich morphine or the fluid extract of laudanum has been added, 
on the mastoid process and in the vicinity of the ear. 

Caries and Necrosis of the Ossicles. 

Caries of the ossicles develops either independently, or is 
associated A\dth necrosis of other parts of the temporal bone. 
The disease may. be confined to one of the ossicles, or it may 
affect the entire chain. When the caries is limited to one of the 
ossicles, the incus is affected more often than the malleus. Canes 
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of the head of the malleus is often associated ■with caries of the 
body of the incus. In such cases the osseous affection penetrates 
into the deep parts, usually starting from the inner surface of the 
malleo-incudal articulation (Fig. 238). The destruction is some- 
times so great that one finds either a small jagged remnant of the 
malleo-incudal body embedded in granulation tissue or the head 
of the malleus entirely lacking, in "which case the handle appears 
to end abruptly above the processus brevis. 

The manubrium seldom becomes carious as long as it is covered 
■with the tissue of the membrana tympani. Only "when the in- 
flammation extends to its peiiosteum is a lacunar caries brought 
about, "which eventually leads to absorption of the bone by the 


c d 



Fig. 238. — ]\Iicboscopio2Section of the Cabiohs Abticulatioh of the 
Malleus and Incus in a Woman, Thibty-two Yeabs Old, who died 
FBOM AN Abscess in the Cebebellum, and \vho had suffebed fbom 
Otobbhcea since Childhood. 

a. Head of malleus; h, Bodj^ of tlie incus; c. Capsular ligament; d, Cavity of the 
joint opened by erosion of the capsular ligament; e, /, Enlarged osseous spaces 
filled with round cells. 

formation of granulation tissue and giant cells (Moos). In many 
cases examined histologically by the author, the partial osseous 
defect, resulting from the suppuration, "was filled with new-formed 
connective tissue.* As a rule, the inferior part of the handle 
is destroyed; it is rare to find the entire handle so completely 
affected that only a stump remains at the processus brevis. 

The frequent occurrence of carious destruction of the free 
long process of the incus has been confirmed by many authors. 
That the loss of this process causes an interruption to the propa- 
gation of sound-waves between the tympanic membrane and the 
laybrinth, and thus produces a considerable disturbance of hearing, 
has already been mentioned. An ankylosis of the malleo-incudal 

* Cp. Atlas der BelencMungsbilder des TrommdJeUs, p. 25. 
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articulation is not an infrequent sequela of chronic middle- ear 
suppuration (H. Prey). 

The loss of the head and crura of the stapes through necrosis 
has been repeatedly observed; sometimes the necrosis of the 
crura of the stapes is so complete that only the foot-plate remains 
in the fenestra ovalis. 

In a case of exhausted middle-ear suppuration, the author 
found the crura of the stapes partly destroyed, the stumps 
of ■which "were covered •with connective tissue. In another 
case — that of a woman t'wenty-one years of age who, in con- 
sequence of a right-sided chronic middle-ear suppuration, was 










Pig. 239. — Fkojjtal Section theough the Right Pelvis Ovalis after the 
Cessation of a Midhle-Eab Supfubation. 

/, Upper; pr, Lower wall of the niche; d, p. Newly-formed connective tissue filling 
the pelvis ovalis; d, Epidermal covering of the connective-tissue growth on the 
inner wall of the tympanic cavity; p, lase of the stapes perforated in several 
places. 


entirely deaf since childhood' — the author found on histological 
examination,* the recess of the fenestra vestibuli filled ■with new 
cystic connective tissue, the head and crura of the stapes entirely 
wanting, and the foot-plate perforated at several places by the 
connective tissue which had extended into the vestibule (Fig. 289). 

One of the raiest occurrences is necrotic exfoliation of the 
entire malleus without caries of the w^alls of the tympanic cavity. 

Softening of the ossicles has been observed by A. Hartmann 
and Bezold; this w'as probably due to a decalcification brought 
about by the pmulent secretion. 

In the course of suppurative processes in the middle^ear there 
is sometimes a loosening and luxation of the ossicular joints, 

* A. Politzer, Recherches Mstologiques sur les chaiigemenfs fathologigvcs 
dans les niches de la fenetre ovale, etc. (Congres de Bruxelles, 1889). 
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in consequence of absorption of the capsular ligaments or through 
pressure from granulations or cholesteatomatous masses. A 
dislocation of the incudo-stapedial articulation is the most 
common. It is a more rare occurrence to find the malleo- 
incudal articulation dislocated; when such is the case, however, 
the incus is either pushed into the mastoid antrum or expelled 
by the suppurative process. 

The separation of the malleo-incudal articulation almost always 
causes a change in the 'position of the malleus. In such cases 
the malleus appears nearly turned on its axis, and is supported 
either by the tendon of the tensor tympani or, as in one of the 
author’s cases, by the anterior ligament of the malleus, where- 
upon it appeared so turned on its axis that its head was directed 
outwards towards the lumen of the external meatus, and its 
handle inwards towards the attic. 

It must be added that the connecting ligament between the 
foot-plate of the stapes and fenestra ovalis is often so loosened 
that the stapes falls out of its place, even if most gently touched 
with a probe. Nevertheless, the stapes is often still found intact 
in post-mortem examinations, when the membrana tympani, 
malleus, and incus are lacking. 

The process of destruction is not always limited to the capsular 
ligaments of the ossicles; the ligaments and check-bands which 
connect the ossicles with the walls of the tympanic cavity, as 
well as the tendons of the intratympanic muscles, are also 
frequently involved in the process; this is most commonly met 
with in the scarlatinal- diphtheritic forms of middle- ear sup- 
puration. As a result of this, one finds that one or all of the 
ossicles are either expelled spontaneously or are washed out of 
the meatus intact during syringing. 

Diagnosis. — The diagnosis of caries of the ossicles can be 
made with certainty only if defects in the handle of the malleus 
are visible on inspection, and if, on probing through a perforation 
of ShrapnelTs membrane or through a defect in the external 
attic wall, rough places are felt on the neck of the hammer or 
on the malleo-incudal body. It can positively be stated that the 
long process of the incus is destroyed if, in large defects reaching 
to the posterior superior periphery of the membrana tympani, 
the head of the stapes lies free and is not united with the above- 
mentioned process. 

The diagnosis of caries and necrosis of the malleo-incudal 
body can be made with great probability from the following 
symptoms: Persistent suppuration with the formation of a 
fistulous opening in the posterior superior quadrant of the mem- 
brana tympani, the escape of septic or curdy secretion from 
the attic when examining with Siegle’s speculum, and perfora- 
tion of ShrapnelTs membrane with the continued reappearance 
of granulations in the external attic. 
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The statement made by many authors that one could locate the seat of the 
caries in the ossicles by the position of the perforation is not always true; 
the author convinced himself of this by autopsies on a number of cases. A 
perforation of the posterior superior quadrant of the membrane reaching to 
Shrapnell’s membrane ought to indicate caries of the long process of the 
incus; a perforation of Slirapnell’s membrane anterior to the processus brevis, 
caries of the malleus; one behind the processus brevis, isolated caries of the 
incus (Grunert); and fistulous openings in the external attic wall, caries of 
the malleo-incudal body. 

Caries of the ossicles may heal by -the formation of scar 
tissue. Often, however, it is the cause of a persistent sup- 
puration of the middle ear which resists all local treatment. 
It also often prevents the outflow of pus or the discharge 
of a cholesteatomatous mass from the attic — a fact which has 
been confirmed by Goerke (Archiv f. Ohrenheilh, vol. lii.), based 
on a series of cases examined histologically. When this is the 
case, it is an indication for the, operative removal of the malleus 
and incus. Owing to the fact, however, that one can never tell 
with certainty whether the caries is limited to the ossicles, or, 
as is very often the ease, combined vdth necrosis of the temporal 
bone, the absolute indications for extraction of the ossicles 
becomes considerably limited. Therefore we can never state in 
advance whether, after the extraction of the ossicles, the middle- 
ear suppuration will cease. 

The method of extracting the malleus and incus which was 
first proposed by Schwartze (1878) and later by Kessel (1885) 
has, during the last few years, been further improved by 
Eeinhard, Stacke, Grunert, Pause, Schubert, Ludewig, Wetzel, 
Stucky, Neumann, and others. 

Indications. — The indications foi: the extraction of the malleus 
and incus may be grouped as follows: 

1. Obstinate middle-ear suppurations which resist all local 
treatment and are associated with extensive destruction of the 
membrana tymj.ani, and in which the malleus and incus are no 
longer of value in transmitting the waves of sound. 

2. An obstructed flow of pus from the superior tympanic 
space {cavum epitympanicuvi!). We must mention here the 
accumulations of cholesteatomata, and excessive formation of 
granulations in the attic, which always recur in spite of repeated 
removal. 

8. Obstinate attic suppurations associated with perforation 
of ShrapnelTs membrane, and with marked deafness. On 
the other hand, the author is opposed to the extraction -of the 
ossicles in slight deafness associated with perforation of tins 
membrane, as he has become convinced that in the overwhelming 
majority of cases this slight deafness is present when the sup- 
puration is localized in the external attic. If, in these cases, there 
are no symptoms of complication, we can adhere to the con- 
servative treatment; as a matter of fact, we are often compelled 
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to do this because the patient, who must be informed of the 
possibility of a change for the worse after the extraction of the 
malleus and incus, generally refuses to be operated upon. 
Should, however, alarming symptoms arise in such a case, one 
should not confine one’s self to the extraction of the ossicles, hut 
one should proceed immediately to the more radical procedure 
of a mastoid operation. 

We must also add to the indications for extraction of the 
malleus and incus, with a simultaneous excision of the adherent or 
calcareous membrana tympani: Exhausted middle-ear suppura- 
tions with a high degree of deafness, in consequence of adhesion 
of the handle of the malleus to the promontory wall; flat ad- 
hesions of the membrana tympani and manubrium to the inner 
wall of the tympanic cavity; extensive, rigid calcification of the 
membrana tympani; demonstrable ankylosis of the malleus and 
incus; and permanent stenosis of the tube. The last-named in- 
dications, which are of importance on account of their influence on 
the improvement in hearing, require further chnical observations. 

Operation. — The extraction of the ossicles is carried out by 
the intra-aural method. Gomperz and Neumann deserve the 
credit of having made this procedure possible through 
a method of local anaesthesia of the external auditory 
canal, which they introduced into practice. 

In order to perform local anaesthesia, we use a syringe 
devised by Neumann, which is, capable of holding ten 
minims of a 1 per cent, solution of cocaine or novocaine, 
to which 2-3 drops of adrenalin solution have been 
added. The needle is introduced about | cm. external 
to the place of union of the cartilaginous and osseous 
meatus, and pushed forward under the periosteum, as 
far as the osseous meatus. A sign that the injection 
has been successful is evident by the vesicular bulging of 
the cutis at the place of injection, and by a bleaching of 
the skin of the canal and of the external layer of the drum. 

It is only after complete anaesthesia has been obtained, 
which is generally a few minutes after the injection, that 
we may begin the operation.* 

The operation is carried out as follows : The malleus 
is first incised on all sides with a small knife rounded 
at the end (see p. 322), and thereby freed completely 
from the remnant of the membrana tympani. If the 
end of the handle of the malleus is adherent to the 
promontory, it is detached with a small blunt hook, and 
pulled forward. The Delstanche ring-knife (Eig. 240), Fig. 240. 
w^hich has an upper cutting edge, is then made to 
embrace the hammer and pushed up as high as possible, 
whereupon the tendon of the tensor tympani as well as the 
* Cp. SKIton J. Ballin, Neio York Med. Journal, 1906. 
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ligaments holding the hammer in place are severed. As a result 
of this, the hammer becomes so loosened that it can be grasped 
vdth a pair of forceps, pulled down towards the middle-ear cavity, 
and extracted. 

Extraction by this method is usually very easy. In some 
cases it is rather difScult, especially when’the malleus is fastened 
to the incus by adhesions and masses of connective tissue, or 
by firm ankylosis, in which case the manubrium breaks off at the 
neck and the head remains in the attic. This unfavourable 
mishap may also occur in caries of the neck of the hammer, or 
if a too rapid attempt at extraction is made, and one neglects 
to previously draw the malleus downwards into the middle 
of the tympanic cavity. 

Extraction of the incus is much more difficult. Ludewig 
(Arcliiv f. Chrenlieilk., vols. xxix. and xxx.) deserves the credit 
of first having proved that suppuration is rarely 
stopped through extraction of the carious hammer 
alone if the carious incus is allowed to remain in the 
tympanic cavity. Isolated caries of the incus is much 
more frequent than isolated caries of the hammer; 
this has been substantiated by Grunert {A. /. 0., vol, 
xxxiii.) and Schroder (A /. 0., vol. xlix.). 

Considering that the therapeutic effect of the 
hammer extraction is not always successful owing 
to the fact that the carious incus is allowed to 
remain, it is always advisable, in order to be more 
certain of a cure, to remove both ossicles at one time. 

For this purpose we use two small spoons (in two 
sizes), Avhich are bent at a right angle at the end, one 
for the right ear, and one for the left ear (Eig. 241), 
instead of the incus-hooks of Ludewig or the eyelet- 
shaped instruments of Zeroni. Extraction of the 
incus is carried out in such a way that the small 
spoon is introduced into the space which was occupied 
by the hammer, and pushed up into the attic, where- 
upon it is pulled slightly forward, pressed against the 
internal surface of the external attic wall, and then 
Fig. 241 , turned backwards at an angle of 90°., In this way 
the incus is brought into the inferior tympanic space, 
where it can be removed wdth a pair of forceps. 

After extraction of the hammer and incus, the attic is irrigated 
wdth an antiseptic solution by means of a Hartmann cannula, 
and the granulations and cholesteatomatous masses removed with 
small curettes bent at an angle (Fig. 224, p. 484). Inasmuch as 
the local anaesthesia lasts for some time, we can also remove the 
external attic wall in cases in which the examination with the 
curette show^s the^presence of extensive cholesteatomata in the 
upper tympanic space. 
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After extraction of the ossicles there is generally a profuse 
discharge, which, in cases running a favourable course, is 
easily arrested with irrigations of the attic with a Hartmann 
cannula. 

Extraction of the malleus and incus brings about a lasting 
cure in only a small number of cases, as in the majority of cases 
the suppuration continues or soon recurs. If, therefore, the 
above-mentioned pathological changes are present, extraction 
of the malleus and incus is indicated only if there are no sub- 
jective or objective symptoms which necessitate the more radical 
procedure of a mastoid operation. It should be tried only as a 
last resort to stop an obstinate middle-ear suppuration running 
its course without symptoms, and should be undertaken, in the 
majority of cases, only as a preliminary operation to the radical 
opening up of the middle-ear spaces. 

Extraction of the malleus and incus has, in the majority of 
cases, only a slight influence upon the hearing. There is seldom 
a change for the worse, and in some instances there is even a 
decided improvement. 

Extraction of the Stapes. — Extraction of the stapes during 
the course of a middle-ear suppuration is absolutely contra- 
indicated, as by this procedure the suppuration may extend to 
the labyrinth. 

On the other hand, the author thinks that extraction of the 
stapes after an exhausted middle-ear suppuration is of value, 
and does in rare oases give a satisfactory result. Blake and Jack 
{Transactions of the American Otological Society, 1893) were of 
the same opinion. Blake suggested that extraction of the stapes 
should be carried out only after an unsuccessful attempt at 
mobilization or synechotomy. The following cases, observed at 
the author’s clinic, show the favourable result that can be 
obtained by extraction of the stapes after an exhausted middle-ear 
suppuration. 

In a case observed by the author — ^namely, that of a young girl in whom 
the region of the right fenestra ovalis was covered with a dry crust after a 
middle-ear suppuration had run its course — ^the stapes was accidentally 
extracted in 1897 by one of the assistants in his clinic wliile trying to remove 
the crust with the forceps. Immediately after its removal severe dizziness 
and vomiting occurred, which disappeared in a few days. Alter four days 
one could see a grayish-red membrane closing the fenestra vestibuli. The 
improvement in hearing which resulted in this case after the extraction of 
the stapes continued, and improved from 2 to G metres after the introduction 
of a pledget of cotton which was dipped in liquid vaseline, and advanced as 
far as the recess of the oval window. In a girl 20 years of age, there was 
hardness of hearing after a deft-sided scarlatinal otitis, which she had in her 
twelfth year. Status prxsens : Nearly a total destruction of the membrana 
tpnpani, tympanic cavity dry and of a tendon-gray colour, and the head of 
the stapes lying free. ^ Speech heard at 30 cm. ; Rinne negative. Schwabach 
lengthened. ^ Extraction of the stapes with a small hook was carried out very 
easily. An improvement in the hearing to 6 metres for speech followed this 
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manipulation immediately. The opened fenestra ovalis was closed with a 
pledget of cotton soaked in paraffin, and the patient was made to he on 
the right side, in order to prevent the escape of the lahyrintliine fluid. 
On the fifth day after the operation the patient could walk about the room, 
but complained of a slight dizziness. On the ninth day the cotton pledget was 
removed, and the fenestra ovalis w'as overgrown with reddish tissue. Hearing 
distance, 3 metres. At an examination made several months later the 
fenestra ovahs was closed by a gray, shining, depressed cicatrix. Perception 
for speech was reduced to 2 metres. A membrane covering the fenestra 
cochleae was severed wdth a small curved knife. An improvement in hearing 
up to 6 metres follow^ed. Six months later it was 5 metres. 


The Diseases of the Mastoid Process, with 
Special Reference to its Opening up by 
Operative Procedures. 

A. Inflammation and Abscess Formation in the Mastoid 
Process during the Course of Acute Middle-Ear 
Suppurations, 

Inflammation of the mastoid region occurring during the course 
of an acute middle-ear suppuration is brought about by the in- 
flammatory process, extending by continuity from the tympanic 
cavity to the muco-periosteal lining of the mastoid cells. 

The pneumatic mastoid process is more frequently affected by 
the inflammation than the diploetic. 

The author has proved by numerous post-mortem examinations 
that in every acute middle suppuration pus is found in the 
pneumatic cells of the mastoid process. The presence of pus in 
the mastoid antrum and cells does not in any way imply that an 
abscess has formed in the mastoid process. One can therefore 
speak of the formation of an abscess in the mastoid process only 
when, owing to bacterial infection, the lining membrane of the 
cells, and at the same time the osseous tissue, show symptoms 
of breaking down. 

According to the author’s view, an important cause of abscess formation is 
to be found in the anatomical construction of pneumatic mastoid processes. 
While, in many cases, there is an extensive communication between the antram 
and mastoid cells, in others the opening is so narrow that only the smallest 
needle can be passed through. Occasionally the entire mastoid process eon- 
sists of one or two large cavities, at the upper portion of which a canal, 
scarcely large enough for the passage of a bristle, is found communicating 
with the antrum. If these small openings between the antrum and mastoid 
cells become occluded by swelling of the lining membrane, and the pus 
escape from the cell cavities, an inflammation of the osseous tissue is produced. 

Symptoms, — The symptoms of acute inflammation of the 
mastoid cells vary considerably. In otitis media acuta running 
its course without perforation of the membrana tympani, 
toms of irritation in the mastoid process often arise, which 
usually subside spontaneously, or after a suitable antiphlogistic 
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treatment. In the acute, purulent middle- ear affections, symp- 
toms of inflammation in the mastoid, such as pain and tender- 
ness on pressure and percussion, develop^ more often before, than 
after perforation of the menabrana tympani. 

The reactive symptoms in the mastoid process accompanying 
acute, suppurative middle-ear inflammation may disappear after 
an appropriate antiphlogistic treatment, or spontaneously after 
repeated remissions and exacerbations. This is most frequently 
observed in the primary, acute middle-ear suppurations. On 
the other hand, abscess formation in the mastoid process is very 
much more frequent in influenza otitis, and in those forms of 
middle-ear suppuration occurring during the course of infectious 
diseases. 

The acute abscesses in the mastoid have, with but few excep- 
tions, their seat in the middle and lower parts of its vertical 
portion. They are more often situated in the superficial parts 
lying next to the cortical layer than in the deeper layers. 

Generally only one abscess cavity is found ; still, in the first few 
days of the disease there may be several, separated from one 
another by a considerable distance, which, during the further 
course of the infection, may unite. Small disseminated abscesses, 
from the size of a millet to that of a hemp seed, are usually 
found in diploetic mastoid processes (ostitis of the mastoid 
process), and not infrequently also in the pneumatic mastoids in 
the beginning of the affection. 

The symptoms of abscess in the mastoid process are: 

1. Persistent or remittent pain in the mastoid, which is 
increased on pressure and percussion. The tender portion, how- 
ever, does not always indicate the location of the abscess within 
the mastoid process. The parts most sensitive to pressure are 
the fovea mastoidea, the tip, and its posterior border corre- 
sponding to its terminal cells. In spite of extensive abscess 
formation, spontaneous pain and tenderness may be entirely 
wanting. 

2. Temperature. This usually fluctuates from 99° to 102°- 
108° P., and may occasionally rise to 105° F. • It is usually unac- 
companied by chills, unless there is some more severe or deep- 
seated complication. It not infrequently runs its course without 
any fever at all. 

3. A marked increase in temperature on the mastoid as com- 
pared to the healthy side. 

4. CEdematous swelling, or inflammatory infiltration and 
reddening of the integument covering the mastoid process. In 
the beginning of the inflammation, the swelling and diminished 
mobility of the skin can be recognized only by comparison vuth the 
other side. When the infiltration becomes more marked, the 
swelling on the mastoid process causes the auricle to stand away 
from_the head. If the swelling on the mastoid appears in the 
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first few days of the disease, one may assume that the seat of 
the abscess is superficial. If, on the other hand, the SAvelling 
develops only after the middle-ear affection has existed for 
several days or weeks, one may take it for granted that an 
extensive absorption of the bone has taken place in the 
mastoid process. When rupture of the pus has taken place 
at the tip (Bezold mastoiditis), a hard, non-fluctuating SAvelling 
develops below the mastoid. Nevertheless, even in large 
abscesses, the skin coA'^ering the mastoid process is often 
unaltered. 

5. The memhrana tympani aj)pears strongly bulged foi’Avards 
before rupture. After perforation has ensued, there is often 
found in the posterior superior quadrant of the membrane, around 
or nipple-like projection {vide p. 352). 

6. Bulging of the posterior superior Avail of the meatus, Avith 
narrowing of the lumen of the auditory canal. Among the 
indications for opening the mastoid process, great importance 
must be attached to this symptom. 

7. A profuse muco-purulent, or thick purulent, discharge from 
the ear; still, the discharge from the tympanic cavity may be 
slight or cease, while the inflammation in the mastoid process, 
which leads to the formation of an abscess, may continue unin- 
terruptedly. 

8. Bacial and abducens paralysis, Avhich may be reckoned to 
be rare complications of an acute mastoiditis.* 

Course. — The symptoms of abscess formation in the mastoid 
process may continue seA'^eral Aveeks, with remittent pains and 
Avith marked variations in the bodily temperature. A profuse 
discharge from the ear generally signifies a continuance and 
extension of the abscess formation, while a decrease in the dis- 
charge with a simultaneous diminution in the pain allows one to 
conclude that the inflammation is subsiding. Occasionally, how- 
ever, cases are observed in which, after complete remission for 
several days, severe symptoms again arise suddenly which 
necessitate the immediate opening up of the mastoid process. On 
the other hand, experience has shoAvn that an extensive abscess 
formation in the mastoid process may exist many months without 
any symptoms, and that the presence of such a condition can be 
assumed with great probability only from the obstinate con- 
tinuance of the middle-ear suppuration. . . 

A number of unusual cases observed at the author’s clinic 
are examples of abscesses in the mastoid process which appeared 
a long time after the cessation of an acute middle-ear suppura- 
tion; in fact, in these cases, the symptoms of abscess formation 
became CAudent when the perforation in the membrana tympani 
had closed, and when the hearing had again returned almost 
to normal. This form of acute mastoiditis is most frequently 
* Cp. Alt, Monat. fur Ohrenheilk.^ 1906 
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caused, according to Neumann and Euttin, by the Streptococcus 
muGOSUS. The disease in the mastoid process seldom develops 
with severe pain, tenderness on pressure, and fever, and more 
often entirely without any reaction. It is characterized by an 
(Edematous or hard swelling on the mastoid process, with 
symptoms of a periostitis mastoidea, which goes on to the 
formation of a periosteal abscess. If one fails to open the 
mastoid at this stage, the inflammation extends from here to the 
tympanic cavity, and the membrana tympani becomes injected, 
swollen, protrudes, and finally perforates. If, in such cases, the 
mastoid process is opened, one finds a diseased cavity which may 
or may not be in communication with the antrum, and which is 
filled with unhealthy granulations. A cm:e is almost always 
obtained by thoroughly curetting the mastoid process and 
making a free opening into the antrum. 

Terminations. — The terminations of acute ostitis of the 
mastoid are: (1) Eecovery after the disappearance of the 
inflammatory changes in the mucous membrane. (2) Abscess 
formation. (3) Softening, absorption, and cario-necrotic destruc- 
tion of the bone. The osseous tissue is softened, and the abscess 
cavity is filled partly with pus and partly with unhealthy 
fungoid granulations, in which fragments of necrotic bone from 
the walls of the pneumatic cells, or a rather large sequestrum, ’ 
are embedded. These changes are usually found after the 
abscess has existed for a long time, and in the otitis arising in 
the course of the infectious diseases. (4) Spontaneous perfora- 
tion of the abscess through the external cortical layer resulting 
in a large post-auricular fluctuating swelling. This is very 
frequently seen in children, and takes place by way of the sutura 
squamo-mastoidea, or through the formation of a fistula in 
planum mastoideum. The abscess, in rare cases, perforates the 
posterior wall of the meatus or the medial surface of the mastoid 
process (Bezold), whereupon the pus sinks down along the inter- 
muscular spaces in the side of the neck or along the anterior 
sm'face of the spinal column, and spreads out in the mediastinum 
(see p. 473).* (5) Extension of the suppuration from the 

mastoid process to the cranial cavity, producing extradural 
abscess, pachymeningitis interna, leptomeningitis, and brain 
abscess, or to the sigmoid sinus, causing a sinus phlebitis and 
thrombosis, which may or may not end fatally, "j" 

Hiat a mastoid abscess may heal without spontaneous perforation and 
■Hithout the operative opening of the mastoid is bej’^ond doubt; this has been 
proved tune and time again by clinical observation and by the condition of 
the abscess cavity when the mastoid was opened. The author has repeatedly 

* Bezold s mastoiditis will bo discussed in the following chapter under 
Intcrcurrent Acute illastoiditis. 

t Demetriades, The Suijpiirative Middle-Ear Inflammations and 

thetr Sequela: (Greek). Habilitationsckrijt, Aihen, 1895. 
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seen recovery take place in patients who had marked symptoms of an abscess 
and who refused the operative opening of the mastoid process. Still more 
convincing proof that an abscess may heal spontaneously is afforded by those 
cases in which, after a middle-ear suppuration has existed many weeks, we 
decide to open up the mastoid process on account of tenderness on pressure 
and the profuse otoiThoea; in such cases one sometimes finds, especially in 
the primary forms of otitis, the greater part of the mastoid filled with healthy 
granulations without the presence of pus, and the osseous septa absorbed. 
Trom these observations one gets the impression that a cure might have taken 
place without an operative procedure through the filling up of the abscess 
cavity with granulation tissue which has a tendency to ossify. 

Diagnosis. — The diagnosis of abscess formation in the mastoid 
process is made from the symptoms previously described, and 
from the course of the disease. It is most difficult at the 
beginning of the affection, as the pain and tenderness over the 
mastoid in acute middle-ear suppuration, which may be tem- 
porary, or even remain for some time, may be produced merely 
by the marked swelhng of the lining of the mastoid cells and 
congestion of the osseous tissue. On the other hand, the 
diagnosis of an abscess is almost certain if pain in the mastoid 
(with or without swelling of its integument), persistent fever, 
sleeplessness, nervous excitement, profuse otorrhoea, and narrow- 
ing of the meatus continue longer than eight days. If the 
patient comes under observation with these symptoms after the 
otitis has lasted several weeks, there can be no doubt as to the 
presence of a mastoid abscess. 

Percussion of the mastoid process with a small metal hammer or with the 
finger-tip is regarded by Korner, Wilde {Z.f. 0.), 1892), and Eulenstein as an 
important aid to diagnosis. In cases of unilateral mastoiditis, Avhen the process 
is entirely made up of pneumatic cells, comparative percussion often yields 
a short and hollow sound on the diseased side. One often finds, however, in 
spite of an empyema which is made evident by the operation, no difference in 
the percussion sound between the healthy and diseased mastoid. In spite of 
aU this, when a positive result is obtained by percussion, it is always to be 
regarded of diagnostic value only if taken in connection with other symptoms 
of mastoid abscess; this is especially true if dulness develops while the patient 
is under observation.* 

Prognosis. — The prognosis of acute mastoiditis is, on the 
whole, more favourable in the primary forms of otitis than in 
the middle-ear suppurations due to influenza, typhoid fever, to 
the scarlatinal-diphtheritic and tuberculous processes, diabetes, 
and syphilis. The virulence of the infection exercises an im- 
portant influence on the prognosis. When an abscess forms, the 
prognosis is materially influenced by early therapeutic measures. 
Abscesses which have existed a short time, and are not very 
extensive, heal more rapidly after opening up, than those that ha^m 
existed for several weeks, and in which a large portion of the 
mastoid cells has been destroyed. 

* Cp. Moos, A. f. 0., 1893; Korner, Die eiirigen Enizilndvngcn des ScJddfc- 
hems, 1899. Barth, A.f. 0., vol. xlvii. 
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Treatment. — The treatment of acute mastoiditis depends on 
the stage in which the patient comes under observation. If one 
has the opportunity of observing the patient during the first few 
days of the disease, before perforation of the membrana tympani 
has taken place, the membrane appears strongly congested, 
swollen, and bulged outwards; if there is, at the same time, 
spontaneous pain in the mastoid (mastoid tenderness), which is 
increased on pressure, our first step is to perform paracentesis 
in order to give the pus, which has collected in the middle ear, an 
opportunity to escape. This operation, the simple technique 
of which every practitioner should acquire, is sometimes sufficient 
to cause the inflammatory symptoms in the mastoid to subside. 
Small perforations must be enlarged with the paracentesis knife, 
and nipple-shaped projections must be incised. In addition, the 
inflammation in the mastoid should be combated during the 
first few days by an energetic, antiphlogistic treatment; this 
is best accomplished with the application of a small Sprague ice 
bag. In using the ice bag one should not apply it over the mastoid 
continuously. It is advisable to apply it for half an hour, and 
then to leave it off for an hour. By using it in this way one 
avoids a painful dermatitis, which sometimes develops as a result 
of the cold. The application of various medicaments over the 
mastoid has proved of no value. The continued use of the ice 
is also not advantageous, as it often causes a redness of the skin 
and pain, which may mask the true mastoid pain and may be 
misleading. 

By the treatment just described it is often possible, especially 
in the primary forms, to alleviate the symptoms of inflammation 
in the mastoid after three to eight days, and to notice a marked 
improvement in the aural condition. The tenderness gradually 
subsides, the discharge becomes less copious, and the temperature 
gradually comes down. In a lar^e number of cases this mode of 
treatment does certainly abort the inflammatory process in the 
mastoid cells, and prevent the formation of a true mastoid 
abscess necessitating operative interference. Antiphlogistic 
treatment proves less efficient in inflammations of the mastoid 
cells produced by influenza, diphtheria, scarlet fever, tuberculosis, 
and syphilis. In an otitis due to these diseases it is seldom 
possible to check the formation of an abscess in the mastoid 
process by the conservative treatment; in the majority of these 
cases it is necessary to open the abscess from the mastoid 
process. 

The hyperosmic treatment, which was introduced by Bier 
{Arclnv /. Klin, Chir., vol. Ixvii., p. 164), and which proved a 
valuable method in surgical practice, has also been recom- 
mended for acute otitis and mastoiditis. Bier uses an elastic 
bandage, 3 cm. in width, which he allows the patient to wear 
around the neck for at least ten, but as a rule twenty to twenty- 
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two, hours. Owing to the pressure on the bloodvessels of the 
neck, there is produced a stasis of the vessels in the entire head 
and also in the ears. Bier is supposed to have obtained favourable 
results in a number of cases treated with his method. This form 
of treatment has not found much favour amongst otologists, and 
is rarely used. 

Eschweiler (Archiv f OhrenJieillc., vol. Ixxi.) has, at the clinic in Bonn, 
obtained such favourable results with Bier’s treatment in acute mastoiditis 
that he is of the opinion that this hyperamie treatment is hound to reduce 
operative procedures. 

According to Kepler {Zeitsclir. f. Ohrenheilk., vol. 1.), who recommends it 
in acute cases, the stasis exercises an alleviating influence on the pains. 

The reports of Heine {Verh. d. dezttsclien otol. Ges., 1905) are less favour- 
able. Aceording to him, the pains are not particularly benefited, hut even 
increased at times. He could get a few good results in mastoiditis with in- 
filtration of the soft parts. Heine thinks that this method is not advantageous, 
because the proper moment when to operate is ovei'looked, owing to a masking 
of the symptoms as a result of this stasis. 

Stenger, Hasslauer and Korner are more or less opposed to this method. 
Isemer, at Schwartze’s chnic, is decidedly opposed to the Bier treatment. 
He regards its long apphcation in acute cases as decidedly harmful. 

Frose {Archiv f. Ohrenheilk., vol. Ixxi.) draws attention to the 
anatomical conditions in the mastoid which are unfavourable for Bier’s 
method. From his experience at the clinic in Halle, he warns in particulp 
against its use in severe infections of the middle ear and of the mastoid 
process, and in tuberculosis. He thinks it may be used only in the mild, 
uncomplicated, and in the subacute otitis miming its course with mastoiditis. 
Chronic uncomplicated suppurations seem to be favourably influenced. 

Owing to the various results obtained by this method of treatraent, it is 
impossible to give a positive opinion as to the value of Bier’s hypersemic method 
in cases of otitis and mastoiditis. Inasmuch as the success of the method 
depends upon the nature and duration of the aural affection, and upon the 
degree and length of time the stasis in the head is kept up, further 
observations in selected cases are still necessarj^ to establish the indications 
for its use. 

During the last few years the suction treatment in acute middle-ear suppura- 
tion, as recommended by Scndermann {Archiv f. Ohrenheilk., vol, xlvi.), has 
found many advocates. By this method the puralent secretion is aspirated 
from the middle ear, thereby cleansing the tjunpanic cavity more thoroughly, 
reducing the inflammatory condition, and shortening the time of treatment. 
That the suction has little effect on the abscess in the mastoid is readily ap- 
preciated, because the abscess cavity hardly ever communicates directly with 
the antrum. Aspiration after paracentesis in middle-ear suppurations, m 
order to remove the purulent secretion from the antrum and attic, combined 
with an inflation of air, has been used for many years. For this purpose Siegle s 
speculum or the electrically driven suction apparatus is most useful. 


The Indications for Opening the Mastoid Process. 

The mastoid process must be opened immediately if the anti- 
phlogistic treatment is of no avail after several days’ application; 
if the profuse otorrhoea, pain in the mastoid, and fever continue; 
and if symptoms of a labyrinthine or meningeal irritation 
ing, dizziness, disturbance in equilibrium, nystagmus) or chilis 
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develop.* The immediate operation is also indicated if, with the 
profuse otorrhoea, symptoms indicative of abscess formation have 
lasted for more than ten days. 

The cases in which recovery takes place without operative 
interference Av^uld seem to afford arguments for delay. If, how- 
ever, we bear in mind that every mastoid abscess, when allowed 
to exist a long time, leads to extensive destruction of the bone, 
and that by waiting too long we may be surprised by a sudden, 
fatal, intracranial complication, it is evident that an early 
operative interference is advisable, especially as the operation is 
comparatively free from danger.f 

Early opening of the mastoid has the advantage that the 
abscess is still small, and that by scraping out the diseased tissue 
the loss of substance in the bone is not as extensive as when the 
abscess has existed a long time; furthermore, that the process 
heals more rapidly, and that the middle-ear affection runs its 
course more quickly. A shortening of the time of treatment is also 
of value, as the hearing function is less likely to become impaired. 

The experience of the last few years has, however, convinced 
the author that in many cases the too early opening of the 
mastoid process — that is, already on the fourth or fifth day — 
has an unfavourable effect on the course of the disease and on 
the process of healing. One finds, especially in those pneumatic 
mastoids composed of small cells which are opened during the 
first eight days of the disease, several disseminated collections 
of pus spreading in all directions, instead of one abscess cavity. 
In such cases the wound heals badly — in fact, much worse than 
if one abscess cavity were found — as it is seldom possible to remove 
all the diseased bone substance. As a rule, therefore, the author 
rarely operates before the eighth day of tlie disease, and thinks 
that one should operate before this time only when, in addition 
to an early swelling and redness over the mastoid process, 
sjanptoms of meningeal irritation or chiUs appear. It should be 
emphatically stated that the conservative treatment should in all 
cases have a fair trial, as one finds in nearly every case of acu{e 
purulent otitis media a more eft less sensitiveness in the mastoid 
process, which invariably disappears within a short time. If we 
keep in mind the anatomical structure of the middle ear, we 
find that the lining mucous membrane is the same as that which 
lines the mastoid cells, so that any inflammatory condition in the 
tympanic cavity is conveyed by continuity to the mastoid pro- 
cess. This produces a hyperoamia with increased exudation, 

* According to Stenger {^Arcliiv f. Ohrenheilk., vol. Ixii.), a simultaneous 
swelling of tho ljuniili glands in the mastoid process must also bo counted 
amongst tho indications for operation. An optic neuritis, according to Barniclc, 
makes tho opening up of tho mastoid imperative. 

t dos. Poliak, Diagnostik vnd Therapie der ahuten MiUdolirentzundungen 
viid kcr konsekutiven Ostitis viastoid. Zentralblatt f. d. gcs. Therapie, 1896. 
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causing an increased intracellular tension with more or less pain 
on pressure. By means of the conservative treatment — that is, 
by hot irrigations and cold to the mastoid region, in addition to 
a free incision in the drum — the process is, in the majority of 
cases, arrested, so that these acute symptoms disappear, making 
operative interference unnecessary. 

An urgent, vital indication for opening the mastoid process 
in acute middle-ear suppurations lies in the dangerous complica- 
tions which the abscess may bring about. 

There are two operations for opening a mastoid abscess; (1) The 
simple opening of the abscess, with the scraping out of the 
softened osseous tissue; and (2) the opening of the mastoid 
process and at the same time the antrum. Which of these two 
methods should be chosen in a given case can he decided only 
by the clinical symptoms, and by the conditions found at the 
time of operation. According to the author’s experience, in the 
great majority of cases of acute mastoid abscess, especially in the 
primary forms of otitis, when no complicating symptoms are 
present, the simple opening of the mastoid, without the simul- 
taneous opening of the antrum, brings about a much rnore rapid 
cure of the middle- ear affection than if the combined operation is 
performed, provided that there is a thick, resistant bony wall 
separating the abscess cavity from the antrum. 

Opening the antrum is indicated in most cases, especially if 
there are symptoms of pus retention, labyrinthine symptoms 
(dizziness, nystagmus), or symptoms of meningeal irritation; 
furthermore, when there are nipple-shaped protrusions on the 
membrana tympani, and in cases in which the bony tissue 
separating the antrum from the mastoid is found decayed and 
soft during the operation, or when granulations grow from the 
abscess cavity into the antrum. Tree opening up of the antrum 
biings about a more rapid cessation of the purulent discharge 
from the middle ear, and gives a better chance of preserving 
the hearing function. 

■ Rontgen examination afTords ns a means by which we can at times determine 
before the operation whether we are dealing with a pneumatic or diploetic 
mastoid process. In the great majority of cases, the X ray is of little value m 
determining the presence of an abscess formation in the mastoid process, 
and we should not place too much reliance upon it. The clinical findings 
should always be the determining factors in mastoid surgery, using the 
Rontgen plates, in some cases merely as a corroborative evidence. The ab- 
normal position of the sigmoid sinus which is found at the operation cannot be 
determined beforehand. As a rule, a small, short, mastoid process genera y 
indicates one of a diploetic structure, while a large mastoid points to one o a 
pneumatic nature; stiU, exceptions to this rule not infrequently occur. U 
practical significance is the fact, first established by the author, that ic 
abnormal location of the sigmoid sinus, forwards and outwards, is mos 


* Stanculeanu et Depoutre, Etudes anatomiques el pathologiques des gioufcs 
cellulaires posterieurs de la maslcnde. Ann. d. mal. de VoreiUe, 1901. 
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frequently observed in diploelic niastoids, and less often in the pneumatic 
variety. As a rule, tlicrcforc, the conditions for operating on pneumatic 
mastoid processes are, on the whole, far more favourable, and one should always 
proceed cautiously wlicn, during the course of the operation, the bone is seen 
to bo diploetic. 


The Simple Mastoid Operation. 

Instruments. — The instruments used in the mastoid operation 
consist of the following: Scalpels, artery forceps, a sharp and 
blunt periosteal elevator, a self-retaining speculum to keep the 
edges of the wound well apart, several anatomical and mouse- 
toothed forceps, a series of sharp gouges or chisels, a number of 
sharp spoons or curettes varying in sizes, several hone forceps 
or rongos also of different sizes and built at various angles, 
grooved directors, probes, etc. In place of sutures one may use 
the clamps of Michel for closing up the external wound. Other 
instruments may be added to suit each individual surgeon. 

The instruments should be thoroughly sterilized, and the most 
rigid aseptic precautions must be observed by the operator 
and his assistants. 

In preparing the patient for operation, the region around the 
mastoid must be shaved, and the hair thoroughly removed over 
a fairly wide area in order to make a large field for operation. 

This is then cleansed with alcohol, dried, and tincture of iodine 
applied to the entire external region of the ear and external 
canal. The iodine is then washed off again with alcohol, where- 
upon the head, neck, and body of the patient are draped with 
sterile sheets, towels, etc., leaving a well-exposed field for 
operation. 

In the majority of cases, general antesthesia is employed. 

During the last few j'^ears the operation was performed, in a 
large number of cases, at the author’s clinic under local anees- 
thesia with Sehleich infiltration (Alexander),* or under local 
ana)sthesia as proposed by Neumann (p. 487); this was done, 
not only in persons having a heart or lung affection, etc., and in 
whom a general anassthetic was out of the question, but also in 
robust individuals who decided to be operated upon under local 
anaesthesia in order to avoid the unpleasant after-effects of a 
general anaesthetic. The method is as follows: About 10 c.c. of 
a 1 per cent, solution of cocaine, to which a few drops of adrenalin 
solution have been added, or a solution of novocaine, are injected 
subperiosteallj’- at the planum mastoideum, and at the centre 1 
and ! ip of the mastoid process. In addition to these, 2 c.c. more 
are injected subperiosteally into the posterior wall of the external 
meatus, in that we introduce the needle directly behind the 
place of attachment of the auricle, and push it under the 
periosteum up to the region of the antrum. The anjesthesia, if 

* iric;!cr I:lin. Wochcnschrifl, 1901. 
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the technic has been carried out correctly, is -without a fault. 
Local ansesthesia does not work well with subperiosteal abscesses. 

The Operation. — While the assistant who stands behind the 
head of the patient bends the auricle somewhat forwards, the 
surgeon makes an incision 4-6 cm. in length and \ cm. 
behind the insertion of the pinna; this incision, which is curved 
backwards, is begun immediately below the linea temporalis, 
and is continued downwards to almost the tip of the mastoid. 
The incision is made down to the periosteum, which is pushed 
back with a sharp periosteal elevator, exposing the cortical layer 
of the mastoid bone. When operating on the right ear, the author 
makes his incision from above, down; on the left ear, he finds 
it more convenient to cut from below, up. The htemorrhage is 
easily arrested with artery clamps or with forceps, which are 
allowed to remain in place until the operation has been com- 
pleted. Only large,, spurting arteries require ligation. As a rule, 
parenchymatous haemorrhages cease after the introduction of the 
self-retaining retractor. 

The planum mastoideum between the spina supra-meatum 
and the apex of the mastoid process having been exposed, the 
cortex is chiselled away with a large gouge.* When operating 
upon the right mastoid, it is advisable to make several grooves 
with the chisel from the tip upwards towards the supra-meatal 
spine; while, on the other hand, when operating upon the left 
mastoid, one should begin from above and cut several grooves 
downwards towards the tip. Frequently the abscess is reached 
after the first blow with the hammer, whereupon the pus, which 
is under high pressure, escapes rapidly. Now and then the pus 
in the abscess cavity pulsates, which indicates that the dura or 
lateral sinus has been exposed through the suppurative process in 
the middle ear. In some cases, the abscesses are not found unti 
a depth of | cm. or more is reached. 

When the abscess cavity is laid bare, the opening in the bone 
is enlarged with the chisel or with the forceps in all directions. 
When the opening has been sufficiently enlarged, the abscess con- 
tents, which is comprised of granulations and softened bone, is 
thoroughly cleaned out with sharp spoons and curettes, . A® 
walls of the cavity scraped down to the healthy bone.j ' . ^ 
some experience one can easily differentiate the diseased tissu 
from the normal, in that the former gives waj^ easily to the sharp 
spoon, while the latter offers a certain resistance. When a 
extensive abscess has existed a long time, it is oceasiona y 
necessary to take away the greater portion of the mastoid proce , 

* Opening the mastoid process with a burr is performed hj 
surgeons. Macewen of Glasgow, to whom we are indebted for the 
manner in which he has developed brain surgery, uses for his mas oi i 
tions knob-shaped burrs of different sizes. 

f Morpurgo, Wiener med. Wocliensclir., 1887, No. 16. 
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SO that one not infrequently comes upon the sigmoid sinus, a 
largo extent of which has been laid bare by the suppurative 
process. Great care must bo exorcised in curetting the abscess 
cavity posteriorly in order to avoid wounding the sinus. In some 
cases it is even necessary to resect the entire tip of the mastoid 
process, whereupon one must be careful that one does not injure 
the facial nerve at i.ts place of exit at the stylo-mastoid foramen. 

The continuous, copious hsomorrhago which occurs during the 
scraping out of the abscess cavity arises either from the granula- 
tions, from the diploetic tissue surrounding the pneumatic cell 
spaces, or from a largo emissary vein of Santorini passing through 



the mastoid process. It is usually possible to stop the haemorrhage 
by repeatedly sponging the cavity with sterilized gauze, with or 
without the use of peroxide or adrenalin solution. When there 
is a sudden marked gush of blood from the bottom of the cavity, 
which cannot bo readily arrested by tamponing, one can be 
rather certain that it comes from the sinus which has been 
accidently injured. In such cases we must pack the wound 
quicklj’^ and firml3\ 

If one is convinced that the abscess cavity has been thoroughly 
curetted and a free open communication established into the 
middle oar bj'^ waj’^ of the antrum, the cavitj’^ is cleansed with 
peroxide and alcohol. The writer then applies tincture of 
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iodine to the entire abscess cavity, which is again removed with 
alcohol. The wound is then packed with iodoform or sterile 
gauze. The writer never uses iodoform gauze owing to its toxic 
action, and particularly so in children. In order to make the 
wound somewhat smaller, several sutures or Michel’s clamps are 
placed in its superior extremity. Complete closure of the wound 
immediately after the operation has proved unsatisfactory. 
PiffL recommends immediate closure of the wound, with drainage 
at its lower extremity. This method has found favour with some 
surgeons, but is a rather risky procedure, as one can never tell 
whether there is not some necrotic tissue or pus pocket still in 
the wound cavity, making healing uncertain. In some cases it 
works very well, so that the results from a cosmetic as well as 
from a curative standpoint are very satisfactory. 

The operative procedure described here is also used in the 
Bezold mastoiditis (rupture of the abscess on the medial side 
of the mastoid process), which w'ill be discussed later on. When 
there is a sinking abscess on the side of the neck, it is necessary 
to remove the apex of the mastoid and eventually to open up the 
abscess in the neck by carefully dissecting away the muscles, 
fascia, and bloodvessels. 

The Application of the Bandage. — After the abscess cavity. has 
been tamponed and a strip of gauze has been introduced into the meatus, the 
mastoid jorocess is covered with several layers of sterilized gauze. In order 
to make the gauze fit more closely at the posterior insertion of the auricle, tlio 
dressing is cut out to assume the shape of a crescent. The whole external 
region of the ear (auricle and mastoid process) is now covered with a layer of 
sterilized, absorbent cotton, and the entire dressing fixed by the application 
of a bandage. To keep the bandage in place the -writer uses strips of adhesive 
plaster, which are applied at right angles to the bandage at several places. 
The bandage is applied in such a manner that the car operated upon is com- 
pletely covered, while the other remains free. 

If the wound is running a regular course, the dressing is allowed to remain 
untouched for four or five days. 

After the operation the patient should be confined to his bed 
for several days. His stay in bed is more protracted in those 
cases in which the dura or sinus has been exposed, or in which 
the wound is running an irregular course, and is accompanied by 
fever or pain. The bandage is usually changed on the fifth or 
sixth day, and sooner only in those cases in which marked pain 
or high fever continue, or Avhen the bandage becomes soaked 
through with secretion after one or two days. If the wound is 
running a normal course and the bandage is allowed to remain 
too long, the granulation tissue occasionally grows into the gauze, 
which may occasion pain and haemorrhage when the dressing is 
removed. In reference to the after-treatment, the author refers 
the reader to p. 605. 

The favourable effect of opening the mastoid _ process is, in 
most cases, noticed a short time after the operation by a rapid 
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decrease in the fever, by a disappearance of the local pain, and 
by the subjective feeling of well-being on the part of the patient. 
Opening the abscess has also a remarkably good effect on the 
suppuration in the tympanic cavity, in that one finds that after 
a few days the discharge from the ear diminishes, and completely 
ceases within a week or ten days, with the formation of a cicatrix 
in the perforated membrana tympani. 

The course is less favourable in the disseminated abscesses of 
osteomyelitis in diploetic mastoid processes. In such cases the 
high fever, associated with occasional rigors, may continue a long 
time, and metastases may even develop in the joints, in the 
subcutaneous connective tissue, in the subperitoneal space, etc., 
which may eventually end in death. Nevertheless, the author has 
repeatedly seen recovery take place in complications of this kind. 

The average time of treating the wound until complete cica- 
trization has taken place varies, if the course is normal, from 
four to six weeks. During this period, by the growth of healthy 
granulation tissue from all sides, the cavity of the wound gradually 
becomes smaller, aird is finally filled up. The external wound 
heals either by the formation of a linear, cutaneous scar or by 
a more or less depressed osseous scar, to which the skin is 
closely adherent. The wound shows a very tedious course after 
scarlatinal diphtheria. The course is very irregular in middle- 
ear suppurations due to the acute infectious diseases, in influenza, 
tuberculosis, diabetes, and in cachectic individuals. 

Unfavourable symptoms during the after-treatment are: (1) A 
profuse secretion of pus in the cavity of the wound, which in a 
short time soaks through the bandage. In these cases, the 
suppuration may be caused either by carious bone which has not 
been thoroughly removed, or by a purulent cavity in some other 
part of the bone which was difficult to reach. In order to 
ascertain the seat of such collections of pus the author proceeds 
as follows: If the purulent cavity cannot be discovered with the 
probe, and is, at the same time, not far distant from the surface 
of the wound, he uses a pneumatic speculum furnished with a 
large cup which fits over the outer circumference of the wound ; by 
the aid of this it is possible to locate the seat of suppuration during 
aspiration by the appearance of a drop of pus in the wound, 
and then to lay it open.* Very often careful probing of the 
wound leads to the discovery of cario-necrotic parts of bone, 
which must be removed by scraping before recovery can take 
place. (2) Frequent rises in temperature and the occurrence of 
rigors. Slight fever (3f-38-5° _ G.=100°-101° F.), which is 
present before the operation, not infrequently returns for several 
days after the operation without having an unfavourable influence 
on the further course of the wound. On the other hand, con- 
tinuous high fluctuating temperatures ranging from 99° to 
* Also suggested by Hammerschlag as a therapeutic measure. 
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104° or 105° F., with or without rigors, give one good cause to 
suspect the presence of a perisinous abscess or a sinus thrombosis, - 
and indicate a blood culture and the eventual exposure of the 
sigmoid sinus. (3) The appearance of headache, vomiting, dizzi- 
ness, nystagmus, and a continuous subnormal temperature. 
These complications lead one to suspect the development of a 
labyrinthine suppuration or an intracranial complication, extra- 
dural abscess, meningitis, or brain abscess, which necessitate the 
exposure of that part of the dura mater above the antrum and 
tegmen tympani, and eventually the exploration of the brain 
for an abscess. (See the operative procedures in chapter on 
Intracranial Complications, p. 567.) (4) Erysipelas. This may 

develop without any known cause, or may be traced to infection 
due to a careless treatment of the wound. 


Acute mastoiditis may have a fatal ending in consequence 
of intracranial complications or diabetic coma. Death is most 
frequently caused by the pyaemia associated with sinus phlebitis, 
brain abscess, extradural abscess, and in some rare cases by a 
leptomeningitis arising after a labyrinthine suppuration. A full 
description of these complications will show that even in such 
cases operative procedures not infrequently save the life of the 
patient. 

Wilde’s incision, which was formerly performed in acute mas- 
toiditis, is now seldom used.* 


Exposure of the sigmoid sinus during the mastoid operation, 
due to the fact that it is placed far forward and is abnormally curved 
outwards, is a very common occurrence. It is recognized on the 
internal and posterior wall of the abscess cavity by its bluish- 
gray colour. This contingency, which was formerly looked upon 
with a certain dread, is no longer feared, as infection rarely takes 
place if its wall has not been injured during the operation, and 
if it has a normal appearance. On the contrary, one often exposes 
the sinus intentionally, in cases in Avhich there is a high fluctuating 
temperature associated with chills, in order to see whether we 
have to deal with a perisinous abscess or a true sinus thrombosis. 

Injuring the sinus during the operation is, on the other hand, 
a very unpleasant occurrence, and can generally be avoided if our 
operative procedures are performed Avith skill and care. Such an 
accidental rupture of the sinus is usually brought about by the 
careless use of the sharp spoon or chisel, and by being torn by 
a sharp spicule of bone. This accident, which in itself is not 
dangerous, is unpleasant, as it often necessitates our interrupting 
the operation owing to the uncontrollable hemorrhage Avhich 
usually ensues. In most cases the gush of blood can be arrested 
by firmly packing the wound, alloAving the surgeon to finish the 
operation. In other cases, the bleeding is so severe that 

* M. Lermoyez, Traitement conseciitif aiix operations faites siir I oreills- 
Ann. d. malad. de Voreille, vol. xxix. 
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the operation must be discontinued for the time being and 
resumed at another time. Of course, one must not forget that 
such an accidental opening of the sinus allows infection to take 
place more readily, and affords a greater opportunity for the 
development of a sinus phlebitis. If the cavity has been firmly 
packed and the bleeding has been arrested, and if no untoward 
symptoms arise during the next few days, the packing is allowed 
to remain untouched for five or six days, at the end of which time 
the tear in the sinus wall is sufficiently healed to allow the wound 
to he redressed without any great danger. If bleeding should 
recur, the tampon must be quickly replaced. 

Opening the middle cranial fossa and exposure of the dura 
mater are indicated if violent headaches and meningeal symptoms 
lead us to suspect an extradural collection of pus in the middle 
cranial fossa. The unintentional exposure of the dura mater 
is, in itself, just as devoid of danger as the exposure of the 
sigmoid sinus. 

Injuries to the dura by splinters of bone or by the careless use 
of the curette or chisel are of greater importance, owing to the 
fact that they create a path of infection, which may ultimately 
lead to some cerebral complication or to a traumatic meningitis. 
If the dura is injured, it is recommended, acccording to Neumann, 
to enlarge the incision somewhat, whereby the development of a 
traumatic meningitis is most readily avoided. 

The good effect of opening the mastoid antrum, which should 
be done in every case of acute mastoiditis, often becomes evident 
by the rapid subsidence of the violent pains, by a fall in the 
temperature, and by the disappearance of the dangerous symp- 
toms. In nearly every case the middle-ear suppuration rapidly 
subsides after the operation. Not infrequently, however, the 
suppuration lasts for some time unabated, in spite of careful after- 
treatment, owing to a diseased condition of the walls of the 
tympanum or of the ossicles. In such cases it is sometimes 
necessary to resort to more .extensive operative measures, in 
that we must, at a later date, perform a true radical mastoid 
operation. 

After-Treatment. — If the wound is taking a normal course, the 
dressing need be changed only every three to four days. If the 
gauze is not wet through, and if pus is not seen on the surface of 
the wound, the cavity is again packed dry and loosely with 
iodoform or sterile gauze. The rapid growth of granulations 
on the surface of the wound is prevented if the cavity is packed 
too tightly. 

If the bandage becomes wet through in a short time, owing to 
the oozing of blood or pus, or if the pains return, the bandage 
must be changed daily; if the discharge continues, irrigations 
with a 2 per cent, lysol or a 1 per cent, saline solution, or cleansing 
the cavity with peroxide solution, may bo necessary. 
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In those cases in which the antrum has been opened, care must 
he taken to keep the communication between the tympanic cavity 
and the abscess cavity open as long as the suppuration in the 
tympanum continues. For this reason the rapidly proliferating 
granulations in the canal leading to the antrum, must be re- 
moved from time to time. Only when the suppuration in the 
tympanic cavity has ceased and the perforation in the membrana 
tympani has cicatrized may the antrum be allowed to close. 
Spongy granulations growing on the edges of the external wound, 
and thereby closing the entrance to the cavity, must he removed 
by means of a sharp spoon or Avith a pair of scissors, having first 
cocainized the parts. That the local treatment of the external 
and middle ears must go hand-in-hand with the treatment of 
the Avound goes Avithout saying. 

The process of healing after the operation is sometimes rapid 
and sometimes sIoav. This depends principally on the local 
changes in the mastoid process, on the complications that exist 
Avithin the tympanic cavity and in the external meatus, and 
on the state of the general health of the individual. Under 
favourable conditions the suppuration in the tympanic cavity 
ceasgs very quickly, and the Avound fills so rapidly Avith granula- 
tion tissue that the normal cavity and the external opening 
close Avithin two to six Aveeks. After scarlatinal diphtheria the 
process of healing is very sIoav, and the groAvth of granulations 
proceeds very sluggishly; sometimes, only after months, grayish- 
yelloAv, necrotic islands of bone Avithin the granulating surfaces 
are noticed, Avhich, after the application of lunar caustic ointment 
(1 : 10), or after painting Avith tincture of iodine, are cast off. 

To close the AVound quicldy and to shorten the time of healing, the author* 
has proposed a method which consists in filling the cavity Avhich has 
become completely lined Avith healthy granulations, AA’ith melted, sterilized 
paraffin (having first eleansed the cavity Avith diluted peroxide), and then 
immediately closing it up Avith sutures or Michel’s clamps. This method is 
especially applicable in those cases in AAdiich the mastoid AA^as scraped 
AA'ithout opening the antrum. The patients operated upon at the author s 
clinic could foUoAv their occupations Avithin a fcAV days after closure of 
the Avound. Reactive inflammation after closure Avith paraffin was not 
observed. Ropke and Reinhard (Koln), Avho also used this method Avhen 
opening the antrum, report favourable results. Holscherf has recently also 
tried it in very large operative cavities in the mastoid, in Avhich the sinus and 
dura were extensively exposed, and obtained good results. 

Filling the cavity with glutol (I£retsclunann) and Avith the Mosetig hono 
filling (Biehl), have not found many advocates. C. J. Blake [Transacho^ 
of the American Otolog. Society, 1898 and 1899), based on the_favourablo 
results Avhich he has obtained, recommends that the cavity Avhich has been 
thoroughly scraped out, should be filled up Avith the blood arising from the 
wound, and that the wound should be closed Avith sutures over the mois 
clot. By this operative procedure the formation of granulations is supposed 
to take place Avithout reaction, and the time of treatment is supposed to bo 


* Wiener med. Wochenschr., 1903. 


t Zeitschr. f. OhrenheUE, vol. xlviii. 
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considerably shortened. This method, which has found many adherents in 
America (Sprague,* Reikf), and which is also praised by Piffl, can give a 
favourable result only when all the diseased tissue has been thoroughly removed. 

During the last few years various methods have been suggested 
to bring about a more rapid healing of the post-operative wound, 
and at the same time to give a better cosmetic result. Some 
surgeons, after cleaning out the mastoid process as thoroughly 
as possible, close the wound immediately, leaving only a small 
drain in the inferior angle, which they remove in a few days, if 
no reactive symptoms present themselves. In many eases this 
method works well, as the wound is closed within a few days, 
there is little external deformity, and the patient can return 
to his occupation within a very short time. Of course, this 
method is uncertain of success, as one can never tell if there is 
not some diseased tissue still in the wound cavity which would 
naturally prevent healing. In a number of cases in which the 
post-operative wound is slow in healing, one may hasten closure 
Ijy filling the cavity with bismuth paste, as proposed by Beck 
of Chicago. This is allowed to remain for several days, and 
fresh paste added until the wound is entirely closed. 

In March, 1913, J the writer proposed a method of closing the 
post-operative wound by bone transplantation, and performed 
this method in a number of cases with very gratifying results. 
The time of healing was not only greatly reduced, but the cosmetic 
result was excellent. The usual open method of packing and 
repacking the wound every third or fourth day is painful and 
tedious, not only to the patient, but also to the surgeon. Having 
observed the good results obtained by the general surgeon with 
bone transplantation, the writer thought it might be applicable 
te the vascular mastoid bone. 

Technic of Bone Transplantation. — This procedure is carried 
out a week or ten days after the primary mastoid operation under 
a general or a local anassthetic. A piece of bone is taken from 
the crest of the patient’s tibia. Having removed the packing 
from the mastoid wound the edges are refreshed to obtain better 
union, but the granulating surface of the wound is not touched 
The length of the wound, is now measured, and a correspondingly 
sized piece of bone with its periosteum is removed from the tibia, 
as shown in Big. 243. The detached piece of bone is carefully 
immersed in warm saline solution, and then placed into the. 
mastoid wound as quickly as possible in such a manner that its 
raw edges come into contact with the clean granulating surfaces 
of the wound. The skin is then sutured with the exception of 

* Transactions of the American Otolog. Society, 1906. f Ihtd. 

J M. J. Ballin, ‘ Tibial Bone Transplantation in the Post-Operative 
lilastoid Wound,’ iVew York Medical Record, March 1, 1913,- ‘Remarks 
on Bono Transplantation in the Post-Operative Mastoid Wound,’ A7nerican 
Medicine, vol. vii.. No. 2, November, 1912. 
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a small orifice in the lower angle, in which there is placed a small 
gutta-percha drain. If at the end of a few days there is merely 
a slight mucous discharge, the drain is removed, and the wound 
allowed to close. The transplanted piece of bone is shown in 
Fig. 244, A and B. The air-space below the transplant fills up 
with a blood-clot, which becomes organized, and is eventually 
replaced by new bone, so that after a time the cavity becomes 
obliterated. 

In performing bone transplantation, one must observe the 
following precautions : 



Fig. 243. — Exposed Crest oe Tibia, showing Gigli Saw introduced 
THROUGH Drill Hole, and Bone Flap with Periosteum outlined by 
Dotted Lines. 


1. The post-operative mastoid wound must be free fiom 
purulent secretion and covered Avith healthy granulations. _ 

2. The wound must not be curetted or bathed Avith antiseptic 
solutions. 

3. Transplantation must be performed as a secondary opera- 
tion, and may be undertaken a Aveek, ten days, or even longer 
after the primary operation, depending entirely on the condition 
of the mastoid cavity. 

4. The bone flap must be taken from the patient’s own tibia; 
in other Avords, an autogenous transplantation. 

5. Bone alone is insufficient; one must ahvays take the hone 
AAuth its Imng periosteum attached. This has been conclusively 
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demonstrated by the experiments of Ollier* * * § as early as 1858, and 
confirmed later by Eadzimowsky,! Marcband,! Bonome,^ and 
others, and more recently by Auxbausen.|| _ The consensus of 
opinions of most investigators proves that in order to make a 
bone transplant viable it is imperative to preserve the healthy 
living periosteum. 

6. The periosteum must not be injured; for, if it is, the ultimate 
result will be doubtful. The chances of success are much greater 
with an uninjured periosteum. 

7. In making the bone flap, one must handle it as little as 
possible, so as to avoid injury and infection. 



A 



Pig. 244. — (A) Lateral View of Bone Transplant, showing Layer of 
' Periosteum and the Raw Bevelled Edges. (B) Mastoid Cavity, 

showing Bone Transplant with its Periosteum in Position and Air 

Space below. 

8. Inasmuch as a good blood-supply is absolutely essential to 
the successful issue of all kinds of transplantation, it is advisable 
to make use of this method only in such cases in which a good 

* Ollier, ‘ Des Jloyens de Pavoriser la Reproduction des Os,’ etc., Gazette 
hebdomad, No. 53, p. 304, 1858; Brown-Seqimd's Journal de Phys., 1859, p. 186. 

t Radzimowsky (Russia), Diss. RiefE (1881), ‘Ueber Replantation und 
Transplantation der Knochen.’ 

t Marchand, ‘ Prozess der Wundlieilung,’ etc., Deutsche Ohirurqie, vol. xvi., 
1901. 

§ Bonoine, translation in the Virchow's Archiv fur path. Anat., etc., vol. c., 
1885, p. 293. 

II Auxhausen, ‘Die patliologisclie — anatoinischen Grundlagen der Lehre 
von der freicn knochen — transplantation beiin menschen und beim Tiere,’ 
Beihcftc zur medizintschen Klinik, vol. iv., 1908, No. 2. 
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vascular bed for the transplant is present. This would exclude 
those cases in which there is a hard, ebonized, sclerotic mastoid 
bone. 

Transplantation of the bone in mastoid surgery is a procedure 
which the writer does not advocate as a routine measure. He is 
of the opinion, however, that it is of value in cases in which there 
is a clean granulating wound, for if we succeed, we not only obtain 
a better cosmetic result, and greatly shorten the time of healing, 
but we also overcome the unpleasant packing and repacking of 
the wound, as is customary in the usual open method. 

It may be stated that the procedure has one drawback, if one 
may call it so, and that is that the patient is subjected to a second 
general anjesthesia. However, the writer believes most patients 
will readily submit to this, if they can be convinced of the time 
and annoyance saved in the after-treatment. There is no doubt 
that the method is perfectly feasible under local ansesthesia, as 
already stated. 

Exposure of the sinus and dura is no contra-indication to a bone 
transplantation, for if these parts are covered with healthy granu- 
lations, there is no reason why the result should not be satisfactory. 
There is no danger of a retention of pus beneath the transplanted 
flap with a secondary infection of the surrounding structures, 
as the sinus, etc. This is not likely to occur, for, if there is a 
suppurative process going on beneath the transplant, union will 
not take place, and the bone 'will be exfoliated within a very 
short time. Under such circumstances, transplantation will 
fail, and one is compelled merely to resort again to the usual 
open method of treating the wound. In other Avords, very little 
has been risked, and we have given the patient a chance for a more 
rapid and painless recovery. 

Cases in which the wound does not run a favourable course 
are those in Avhich, after opening the mastoid process, the Avound 
fills more or less rapidly Avith granulation tissue, and a fistulous 
opening remains on the external surface of the mastoid process, 
through Avhich, Avith the aid of the probe, rough bone can be 
recognized. Such fistulte, remaining after the operation, may 
exist for months, even for years, Avithout causing any symptoms 
and disturbance to the general state of the patient’s^ health. 
In other cases the external opening of the Avound cicatrizes 
after several weeks or months, but the scar breaks down 
usually after a severe attack of pain — at one or more places. 
Such cases must be subjected to a second operation; the cavity 
is exposed and the spongy granulations and softened particles 
of bone thoroughly removed. In healthy individuals a cure, 
associated with a more or less retracted scar on the mastoid 
process, very soon takes place. 

EAmn a second operation is not always successful. In such 
cases a cure can be obtained only by laying bare the middle- 
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ear spaces by more radical operative procedures (radical mastoid 
operation), the details of which will be described later (p. 525). 

To the peculiar forms of acute mastoiditis with abscess forrua- 
tion we must reckon those cases in which the tympanic cavity 
is apparently free from all disease, or shows only symptoms of 
a mild catarrh. 

There is no doubt that in this affection, which was formerly 
known as a primary acute inflammation of the mastoid cells, we 
have to do with a bacterial infection arising in the naso-pharynx, 
whereby the micro-organisms which reach the tympanic cavity 
lose their vitality, only to display their virulence again in the 
mastoid process. This afl!ection is, as a rule, observed in 
pneumatic mastoids, in which either the terminal cells in the 
posterior part or all the cells are involved. 

The symptoms accompanying this form of disease — namely, 
pain, sensitiveness on pressure, swelling of the integument, and 
the formation of a periosteal abscess with or without a communi- 
cation* with the abscess cavity in the interior of the mastoid pro- 
cess — are no different than the symptoms in cases in which the 
suppurative inflammation has affected the entire middle ear 
and the membrana tympani has become perforated. At times, 
however, an abscess in the mastoid, which is associated with 
extensive destruction of its cells, develops with very mild 
symptoms of reaction. Eecent investigations have shown that 
these slowly developing abscess formations, running a course 
almost without reaction, are due to the Bacillus mucosus. 

The characteristic feature of this form of mastoiditis is the 
absence of reactive inflammatory symptoms in the tympanic 
cavity. The intact membrane is cloudy, lustreless, the blood- 
vessels of the handle of the malleus are injected, and the osseous 
canal is slightly reddened. The hearing is more or less impaired, 
just as in middle-ear catarrh. 

If the affection lasts for a longer time and the abscess in the 
mastoid is not opened, the suppuration may extend to the 
tympanic cavity and lead to perforation of the drum. The 
occurrence of a primary osteomyelitis with empyema of the 
mastoid, without a previous diseased condition of the tympanic 
cavity, is questionable. Primary tubercular mastoiditis has been 
frequently observed in childhood. 

The treatment is no different from that of the usual acute 
mastoiditis. 

Primary inflammations of llie periosteum without involvement of the 
interior of ^ the mastoid are very rare, and occur more often in adults 
tliaii in children. They are most often produced by furunerdosis of the 


* Itolmcr, La 'penoshtc sccondaire dc rapophjsc mastoJde. Arcliiv intern, de 
RinoL, Laring. y Olologia, Barcelona, 1893. Lenhardt. Siir nn cas de mastoldite 
sansotite. Rev. hebd. d. larijng.,1^01. 



512 


DISEASES OF THE EAR 


posterior wall of the external meatus, or through trauma. The inflammation 
involves only a circumscribed area, or it extends over the whole mastoid up 
to the temporal region. It is characterized by the formation of a hard, 
usually red, swelling on the mastoid, which is very painful on pressure. At 
times the upper part of the sterno-cleido -mastoid muscle (Knapp) is involved 
in the process, which causes a rigidity of the neck. Symptoms of inflammation 
are lacking on the drum or in the meatus; only rarely do the posterior wall of 
the meatus and the handle of the hammer appear injected. 

The most prominent symptom is a severe radiating pain in the mastoid, 
which increases on slight pressure and on motions of the head. The sldn 
temperature of the inflamed part is increased, and the function of hearing is 
normal or somewhat diminished owing to a consecutive middle-ear catarrh. 
With the formation of an abscess the fever; which is generally slight, reaches 
a higher degree. 

The inflammation reaches its climax within several days. An absorption 
of the inflammatory infiltration is seldom observed. On the other hand, as 
the observations of Roosa and Ely (A. f. 0-, vol. ix.), Webster (Arch', of Olol., 
vol. viii.), Knapp, Lewi, Luc, and the author show, it goes on to the formation 
of an abscess with spontaneous perforation externally, or into the external 
auditory canal tlmough one of the fissures of Santorini. Occasionally the 
inflammation leads to a superficial painless necrosis of the cortical layer of 
the-mastoid process (Politzer), with the exfoliation of several small fragments 
of bone (Hotz). 

Diagnosis, — The diagnosis of primary acute periostitis of the mastoid 
process is made from the objective changes on the mastoid process in con- 
junction with the simultaneous non-appearance of inflammatory phenomena 
in other parts of the temporal hone. If the case is examined superficially, 
it can be confounded only with the painful sweUings on the mastoid process 
which sometimes arise with deep-Seated furuncles on the posterior wall of 
the auditory meatus, or with the seldom occurring primary inflammation and 
suppuration of the lymph-glands on the mastoid process (Jurgens). 

Prognosis. — ^The prognosis of primary acute periostitis of the mastoid 
process is, as a rule, favourable. 

Treatment. — ^The treatment consists in the energetic application of 
antiphlogistics, and in incision of the swelling to- the periosteum (Wilde s 
incision) in case the inflammatory symptoms do not disappear within two to 
three days. In cases in which the exudate has not yet become purulent, the 
inflammation sometimes subsides without suppurating after incision of the 
swelling. When fluctuation shows that an abscess has formed, it is evacuated 
by means of a broad incision, and packed with gauze. 


B. Diseases of the Mastoid Process developing in the Course 
of Chronic Middle-Ear Suppurations. 

In chronic, just as in acute, middle-ear suppurations, the 
antrum and mastoid cells are more or less involved in the 
inflammatory process. The character and extent of the mastoid 
disease depend on the anatomical variety of the mastoid process, 
on the pathological changes in the middle ear, on the location 
of the perforation in the drum, on the duration of the disease, 
and on the general condition of the patient (tuberculosis, 
syphilis, etc.). Accordingly, the most extensive disease is found 
in the pneumatic variety, whereas the vertical part of the 
diploetic mastoid process is less often involved in the suppurative 
process. The antrum is always the seat of pathological changes. 
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The following local processes favour the development of patho- 
logical changes in the mastoid process in chronic middle-ear 
suppuration; narrovdng of the external meatus, perforations at the 
circumference of the posterior superior quadrant of the membrana 
tympani, adhesion of the drum membrane to the inner wall of the 
tympanic cavity, obliteration of the cavum tympani and mastoid 
antrum by polypi, granulations, and cholesteatomatous masses, 
and suppurations in the attic associated with perforation of 
Shrapnell’s membrane. In such eases the most important factors 
are the obstruction to the outflow of secretion, and the stag- 
nation, retention, and decomposition of purulent and caseous 
masses in the mastoid process, which lead to its absorption and 
cario-necrotic disease. 

TIio most important pathological changes in’the mastoid process in chronic 
middle-ear suppuration are: (1) Hypertrophy of the lining membrane of the 
antrum and mastoid cells, and complete obliteration of these cells. The 
granulation tissue which fills these pneumatic spaces may persist or ossify. 
(2) Granular ostitis and carious softening of the walls of the mastoid antrum, 
which is frequently abnormally widened; narrowing or complete obliteration 
of the antrum udth sclerosis of the mastoid process is rare. (3) Circum- 
scribed or diffuse caries and necrosis of the mastoid process, with or without 
the formation of a sequestrum. (4) Cholesteatomata in the antrum and in 
the mastoid cells, or a collection of pus and thickened, caseous masses similar 
to tubercular material. (5) Hyperostosis and osteo-sclerosis* of the bone- 
substance surrounding the seat of the disease. These changes are hardly ever 
confined to the mastoid process, but are usually combined with caries, granu- 
lations, or cholesteatomata in the cavum tympani or in the attic. 

The destructive processes in the tympanic cavity and in the 
mastoid process which frequently develop in middle-ear suppura- 
tions often date from childhood. Most of these destructive 
changes are brought about by the suppurative middle-ear 
processes of the infectious diseases and tuberculosis, as well as 
by cholesteatomata in the middle ear. As regards the extension 
of the destructive process, it has been shown that this is greater 
in pneumatic than in diploetic mastoids. In the latter, one 
finds not only caries, granulations, and cholesteatomata in the 
attic and in the mastoid antrum, but also the vertical part is 
frequently involved in the diseased process. Enlargement of 
the antrum through destruction of its walls is one of the most* 
common conditions. 

Symptoms. — Chronic inflammations of the mastoid process 
may run their course without symptoms for many years. This 
applies especially to hypertrophy of the lining membrane of 
the mastoid cells, which leads to obliteration of the cells and to 
eburnation of the mastoid process. Still, cholesteatomata, 
carious softening of the bone, and sequestra may also exist for a 
long time without causing any objective or subjective symptoms. 

*1 Ostco-Sclerosis of the Mastoid {Transactions of the American 

Otol. Society, Thirteenth Annual Jleeting, vol. ii., part iv.). 
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If, in these cases, an intercurrent, acute inflammation develops 
in the mastoid process, violent symptoms arise, which in in- 
tensity often surpass those accompanying an acute primary 
inflammation of the mastoid process. The most prominent 
symptoms are : violent beating and piercing pains in the mastoid 
process which radiate towards the cervical region, marked 
tenderness on pressure, especially in the middle and superior 
parts of the mastoid, slight or high fever, sleeplessness, headache, 
tinnitus, dizziness, and vomiting. If the disease has its seat 
in the deeper parts of the bone, the external integument of the 
mastoid process remains unchanged even after a- long duration 
of the inflammation; this is especially true in diploetic and 
compact mastoid processes if the suppm’ation is confined to 
the mastoid antrum. If the seat of the inflammation is very 
extensive and reaches up to the cortical layer, a diffuse, red, 
hard, or slightly fluctuating swelling develops on the mastoid 
process; this sometimes takes place gradually, sometimes rapidly, 
and when such is the case it extends posteriorly and upwards 
towards the vertex. It causes the auricle to stand away from the 
head, and may occasionally be associated with an oedema 
extending to the eyelids of the corresponding half of the face, and 
with a collum obstipum. 

On inspection, the perforated membrana tympani, which is 
often adherent to the promontory, appears swollen and covered 
with granulations, and the perforation is occluded by pulsating 
secretion, by polypoid masses growing out of the tympanic 
cavity, or by cholesteatomata. The discharge, which is some- 
times profuse and sometimes scanty owing to an obstruction 
to the outflow of pus, either resembles meat-juice, or it is thick, 
curdy, and foul-smelling. The lining of the auditory meatus is 
not infrequently infiltrated, and the lumen of the canal narrowed 
and even impermeable, 'owing to the bulging of its posterior 
superior wall, or to hyperostoses of the bony walls. 

Course and Terminations. — Slight intercurrent inflammations 
in the mastoid process, which are sometimes observed in the 
course of chronic middle-ear suppuration, may subside without 
the formation of an abscess. There is no doubt that such in- 
flammations often form the starting-point of an osteo-sclerosis or a 
caseous ostitis of the mastoid process. When the intercurrent 
inflammation in the mastoid process leads to the formation of 
an abscess (in cases in which the suppurative process or chole- 
steatomatous masses have existed for a long time), it either 
perforates externally on the cortical layer, or interiorly at the 
incisura mastoidea, or it may discharge into the external auditory 
canal or into the cranial cavity or sigmoid sinus. 

The inflammation in the mastoid process, accompanied by 
abscess formation, arising in the course of a chronic middle-ear 
suppuration, develops with severe symptoms of reaction, which 
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are caused either by an obstruction to the outflow of the pus or 
by the impaction of a sequestrum. The progressive destruction 
thus produced may spread in different directions in the mastoid 
process and break through its borders. 

A breaking through of the mastoid process most frequently 
takes place at the external cortical layer at the fossa mastoidea 
or at its middle part. This usually takes place with symptoms of 
severe congestion, and with the formation of a swelling over 
the mastoid and in its vicinity. The infiltration, which is at 
first hard, shows a distinct fluctuation after the breaking 
through of the cortical layer. If, in such cases, the abscess 
is not opened, it may break through the soft tissue in one or 
more places. Often the opening in the skin corresponds to the 
place where the cortical layer has 
been perforated, but not infrequently, 
however, the opening in the skin lies 
at a distance from the fistula in the 
bone, which is found only when the 
planum mastoideum is exposed by 
operation. When such fistulse on the 
mastoid, which occur generally in 
children, are exposed, one usually 
finds a purulent cavity surrounded 
by carious walls and filled with frag- 
ments of bone and caseous masses, 
the posterior and superior walls of 
the meatus and the external attic 
wall destroyed, and the tympanic 
cavity filled with caseous pus. 

More often, however, especially in 
children, the cavity in the mastoid 
process, after the exfoliation of a 
sequestrum, is filled with ossifying 
connective tissue, whereupon re- 
covery takes place with the forma- 
tion of a retracted scar on the mastoid process, and sometimes 
also with atresia of the auditory canal. 

In other cases, after the exfoliation of diseased particles' of 
bone, a_ cavity reinains which is lined with scar- tissue and 
epidermis. In addition to such a cavity, a fistulous opening 
sometimes remains which is often large and hned with epidermis, 
and through which a part of the cavum tympani and the tympanic 
orifice of the osseous Eustachian tube may be seen, 
f Eupture of the mastoid abscess through the posterior superior 
wall of the osseous meatus takes place occasionally (Fig. 245). 
This is often preceded by a protracted inflammation of the 
periosteum of the auditory canal, together with marked swellinti 
and bulging of its lining membrane. *1’ 



Fig. 245 . 

a, Cavity of abscess in mastoid 
process; b. Site of rupture on 
the posterior superior wall of the 
meatus ; c, Lining membrane of 
the meatus reaching to the 
anterior inferior wall; d. Inner 
portion of the external auditory 
meatus; e, Tympanic cavity. 
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When an abscess breaks through spontaneously, large granu- 
lations spring up at the edges of the place of perforation. This 
may lead us to believe that we are dealing with a polypus, until the 
escape of purulent or caseous secretion between the granulations, 
as well as the examination with a probe, reveal the presence of 
a fistulous opening. 

In other cases the abscess breaks through in different direc- 
tions — for example, on the cortical layer and into the external 
meatus. After such diseased processes in the hone have been 
cured, the author has seen a canal lined with epidermis passing 
through the mastoid process, one fistulous opening of which was 
on the external cortical layer and the other in the external 
auditory canal. Cases have also been observed in which the 
abscess has broken through externally on the cortical layer 
and internally into the cranial cavity with the formation of 
a subdural abscess. In one case there was a prolapse of the • 
brain through the external osseous opening. The formation 
of fistulee in the semicircular canals and in the labyrinthine 
wall of the tympanic cavity will be discussed in a special 
chapter.* 

Cases in which the mastoid abscess makes its way through the 
incisura mastoidea, or perforates the medial side of the mastoid 
process are of less frequent occurrence (Bezold’s mastoiditis). 
This is especially likely to occur in pneumatic mastoid pro- 
cesses in which the lower part consists of a large, thin-walled, 
osseous bulla (terminal cells), or of several large, pneumatic 
spaces which, interiorly and medially, are bounded by an 
osseous lamella often as thin as paper. This form occurs almost 
exclusively in adults. 

The breaking through of the abscess on the inferior and 
medial sides of the mastoid process often leads to complications 
of long duration, inasmuch as the pus bores through the sub- 
fascial layers of the neck between the muscles, and along the 
sheaths of the large vessels. This results in an extensive painful 
infiltration of the cervical region beneath the mastoid process 
(Guye, Zeitschr. /. OhrenheUk., vol. xxiii.). The subfascial 
abscesses thus produced usually make their way externally to the 
lateral region of the neck, or ‘ sinking abscesses ’ develop which 
cause serious complications, in that they sometimes lead to a fatal 
termination in consequence of a pyothorax or compression of the 
trachea ( Jacobi). f 

The diagnosis of rupture of an abscess on the medial surface 

* In reference to the intracranial complications after the breaking through 
of an abscess of the mastoid process into the cranial cavity and sigmoid sinus, 
the reader is referred to a special chapter. 

Delie, Un cas de mastdidite de Bezold {Bidl. de la soc. helge d’otoL, 

JErnst Urbantschitsch, Otogene Senhungsaiszesse {Wiener med. Presse, 1904); 
Moure, Seize cas de mastdidite de Bezold {Rev. liebd. de laryng., etc., 1901). 
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of the mastoid process can be made, if the pain in the mastoid 
process continues, and a hard, tender swelling develops below 
it which extends towards the cervical region, ^ while the 
integument covering the mastoid region shows little or no 
infiltration. 

Diagnosis. — The diagnosis of mastoiditis occurring in chronic 
middle-ear suppuration, and appearing with symptoms of reaction, 
is made from the same group of symptoms as that which accom- 
panies an acute mastoiditis (p. 491). The diagnosis is much 
more difficult in those chronic diseases of the mastoid process 
which so often run a latent course without any symptoms. At 
the same time, it is often possible, in cases in which externally 
there is nothing to show that a mastoiditis exists, to conclude 
wdth great probability, from a certain symptom, that a mastoid 
disease is present — as, for instance, an attic suppuration. Such 
a symptom is a persistent, septic, caseous discharge which is asso- 
ciated with perforation in the posterior superior quadrant of the 
membrana tympani, or with a fistulous opening in ShrapnelTs 
membrane. 

The diagnosis is more probable if, with moderate secretion in 
the tympanic cavity, a larger amount of pus is aspirated from 
the posterior superior portion of the attic into the external 
meatus by repeatedly rarefying the air in the latter with Siegle’s 
speculum than the superior tympanic cavity is capable of 
holding. The diagnosis is also substantiated if, simultaneously 
with the suppuration, boring pains in the mastoid process fre- 
quently recur Avith symptoms of pus stagnation or cholestea- 
tomatous formation, with or without swelling of the integument. 
On the other hand, pain in the mastoid process when the external 
cortical layer is unchanged cannot always be taken for a symptom 
of suppuration in the mastoid process, as it also occurs in 
neuralgia of osteo-sclerotic mastoid processes. In such cases the 
diagnosis is often made only after careful observation. On 
the other hand, if there are granulations and cholesteatomata 
in the tympanic cavity, or if there is a narrowing of the external 
meatus with symptoms of pus retention, w^e may conclude that 
there is a diseased condition of the mastoid, even if its external 
appearance is normal, and is not sensitive on pressure. 

Prognosis. — The prognosis of disease of the mastoid process 
accompanying chronic middle-ear suppuration, as far as the 
results of opening up the seat of the disease by operative pro- 
cedures are concerned, is more favourable if, at the time of 
operation, no dangerous sj^^mptoms are present. The prognosis 
is less favourable if, in cases of co-existent caries of the walls of 
thc' cavvim tympani, obliteration of the tympanic cavity by 
granulations and cholesteatomatous masses, and excessive 
narrowing of the auditory canal, there are symptoms of an intra- 
cranial complication or of a sinus phlebitis. As a rule, the 
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prognosis of diseases of the mastoid process is unfavourable in 
cachectic and tubercular individuals. 

Treatment. — The treatment of diseases of the mastoid process 
arising in the course of a chronic middle-ear suppuration, and 
developing vdth marked reactive symptoms, is principally 
operative, and is the same as the surgical treatment of chronic 
middle-ear suppuration, which will be described later. Since 
our knowledge of the frequent occurrence of the destructive 
processes in the cavum tympani and in the mastoid process 
accompanying middle-ear suppurations has been considerably 
increased by anatomical investigations and by the operative 
opening of the middle-ear spaces, the conservative treatment of 
these affections has become considerably limited. Conservative 
treatment is indicated only in cases in which the diagnosis of 
antral or middle-ear suppuration has been made, and the process 
runs its course without any marked symptoms. 

Conservative treatment (p. 425) must be rejected in all those 
cases in which, during the course of a persistent chroruc middle- 
ear suppuration, pains in the mastoid process repeatedly occur, 
with or without swelling of the external integument, and where 
there is danger of the suppuration extending to the meninges or 
to the sinus. In such cases the urgency of an operation* for 
opening up the purulent cavity should always be suggested to 
the patient. The indication for the operation is all the more 
urgent if the aural examination points with absolute certainty 
to a diseased condition of the bone in the mastoid process. _ As 
such may be mentioned: antral suppurations associated with a 
perforation at the circumference of the posterior superior quadrant 
of the membrana tympani, granulations and cholesteatomatous 
masses in the cavum tympani, and a deposit of epidermis adhering 
to the remnant of the membrana tympani and to the wall of the 
promontory. 


The Radical Mastoid Operation. 

The surgical treatment of chronic middle-ear suppuration, as 
it is performed at present, is one of the most valuable advances 
in modern otology. By this treatment we are not only enabled, in 
many cases which were formerly considered incurable, to arrest 
the middle-ear suppuration and to prevent the development of 
complications dangerous to life, but also to treat cerebral com-, 
plications of otitic origin successfully. 

The older communications on the operative opening of the 
mastoid process for therapeutic purposesf are of little pmctical 
value. Its importance was brought out by the writings of 

^ De Rossi, Coniribtizione alio studio della medicina operatorta dell’ ecchio, 
etc., Rome, 1878. 

t Politzer, Geschichte d. Ohrenheilk., 1907, pp. 327 and 328. 
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V. Troltsch and by the praiseworthy works of Schwartze (1873), 
which were published in an epoch in which clinical observations 
were advanced in a masterly manner by pathological investigations. 

The typical opening of the mastoid antrum in chronic middle- 
ear suppuration, as introduced into aural surgery by Schwartze 
and practised for several decades by otologists, serves the 
purpose of establishing a communication between the seat of the 
disease in the mastoid process and the cavum tympani, whereby 
it is possible to wash out the middle ear, and to remove the 
septic, stagnant secretion. 

Experience has shown that in the majority of cases in which 
the operative treatment of chronic middle-ear suppuration is 
indicated, this method is insufficient, in so far as a permanent 
cure is seldom obtained by opening the antrum alone. This is 
explained by the fact that the disease in the bone is seldom 
confined to the mastoid process or antrum, but is mostly as- 
sociated with caries of the walls of the tympanic cavity and 
external auditory canal, or with cholesteatomata in the attic. 

Therefore, methods of operation have come into use which 
aim at the thorough removal of all the diseased tissue in the 
temporal bone, and the free exposure of the purulent cavity. 

Kuster deserves the credit of having devised a method by 
which the suppurative process in the temporal bone can be 
successfully treated by surgical means.* 

He was the first to propose that we take away principally the 
posterior wall of the osseous meatus for the purpose of opening 
up the middle-ear spaces. His idea was based on the fact that 
when a suppuration is confined within rigid walls, the seat of 
the disease should be widely opened, and that the purulent 
cavity should be completely laid bare by the removal of all 
the diseased tissue. This idea of Kiister’s forms the basis of 
the methods of opening up the middle- ear spaces, which have 
been considerably modified and perfected, and which acquired 
the term of the ‘ radical mastoid operation ’ in otological 
practice. 

Von Bergmann’s operation differs from Kuster’s in that the ' 
inferior lamella of the superior wall of the osseous meatus, 
together with the external wall of the attic, is removed in layers, 
and the posterior wall of the auditory canal is then chiselled 
away and the antrum opened up.f 

Stacke and Zaufal deserve the credit for having perfected 
the technic of the radical operation. Their methods are not 
analogous, in so far as Stacke, after detaching the auricle and 
the cartilagino-membranous meatus, first opens up the attic 
and then the antrum, whereas Zaufal opens the antrum and 

* Ueber die Qnindsdtze der Behandlung von Eiterung in starnoandigen 
Holden {Deutsche med. Wochenschr., 1889 ). 

t Die chirurgische Behandlung der Hirnkrankheitzn, 1889 . 
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attic only after having thoroughly chiselled away the anterior 
part of the mastoid process and the posterior superior -wall of 
the auditory canal. 

These methods of operation, which have been considerably 
modified and improved, will be spoken of more fully later on. 
The author would like to mention here, by way of introduction, 
that at his clinic, as well as at others, methods of operation for 
opening up of the middle-ear spaces have been tried, which, in 
some respects, deviate from the typical radical operation. In 
spite of all modifications, the common aim of all operative pro- 
cedures is to change the cavum tympani, the attic, and the antrum 
into one common, smooth-edged, open cavity by the removal of 
the posterior superior wall of the osseous meatus and the external 
attic wall, and, furthermore, to induce the surface of the wound 
to become covered with epidermis and to cicatrize by a careful 
after-treatment. 

Indications. — The indications for opening up the middle-ear 
spaces in chronic middle-ear suppuration are based upon the 
general clinical picture produced by the objective and subjective 
symptoms of the aural affection. It will be see>, that in some 
cases only the objective condition of the organ of hearing, in 
other cases, again, a group of subjective symptoms alone, make 
the radical operation for opening up the middle-ear spaces 
necessary, and that often, however, a combination of both groups 
of symptoms is essential. 

The objective conditions which indicate the radical operation 
in chronic, persistent, middle-ear suppurations are the following: 

1. Caries of the temporal bone. 

2. A recurring growth of polypi in the tympanic cavity which 
arises from the attic and antrum. 

3. Fistulous openings on the mastoid process and in the 
osseous meatus. 

4. Cholesteatomata in the middle ear if conservative treatment 
of the middle- ear suppuration proves futile. 

5. Obstinate, antral suppurations in which a peripheral fistula 
is present at the posterior superior quadrant of the membrana 
tympani. 

6. Strictures of the external meatus which cannot be relieved. 

7. Paresis or paralysis of the facial nerve. 

8. Intercurrent acute mastoiditis, with the formation of a 
mastoid abscess. 

9. Foetid middle-ear suppurations resisting every kind of long- 
continued local treatment. 

Other symptoms in combination with the objective conditions, 
Avhich indicate the radical operation in chronic middle-ear 
suppuration, are: . . 

1. Eemittent or continuous fever, cliills, or the characteristic 
septic fever with rapid variations in the temperature. 
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2. Vomiting, when it occurs with headache and symptoms of 
cerebral irritation. 

3. Eetinitis optica,' papillitis, and choked disc. 

4. Continuous or often-recurring pains in the ear or in the 
mastoid process, or persistent headaches on the corresponding 
side of the head. 

6. Temporary attacks of dizziness or continuous dizziness and 
symptoms of a secondary labyrinthine suppuration. 

6. The first signs of cerebral complication, as severe headaphe, 
nausea, and vomiting.* 

Marked symptoms of otitic meningitis, which, as we are 
aware, offer the smallest possible chance of success, do not 
contra-indicate the opening up of the middle-ear spaces (Ijucae, 
Barth). This is especially true of meningitis serosa, f which runs 
its course with the usual symptoms of meningitis, and in which 
the cerebro-spinal fluid, free from pus cells, is obtained by 
lumbar puncture; also of cases in which the fluid contains 
leucocytes and bacteria. 

The opening up of the middle-ear spaces in otitis media sup- 
purativa tuberculosa, which is performed only in urgent cases, 
depends on the state of the pulmonary affection. In cases in 
which the objective symptoms and rapid emaciation leave no 
doubt that the case is one of incipient pulmonary tuberculosis, 
the radical operation not only at times stops the suppuration in 
the ear, but also acts favourably on the pulmonary affection 
and on the general health of the patient. On the other hand, 
according to observations made at the author’s clinic, a fatal 
termination is only hastened by performing the radical operation 
in cases in which there is a marked phthisis. Nevertheless, 
Brieger will not even grant that pulmonary tuberculosis is an 
absolute contra-indication to the radical operation. 

Finally, it is questionable whether it is justifiable to perform 
the radical operation for the cure of persistent, uncomplicated 
middle-ear suppurations to such an extent as is done by some 
specialists. Those who adhere to this radical standpoint refer 
to those cases of chronic middle-ear suppuration in which the 
affection often runs a symptomless course, and in which extensive 
changes are found in the antrum and mastoid process without 
symptoms ever having occurred to show that these parts were 
diseased. Therefore, owing to the more favourable prospects 
of recovery offered by the early operation, one should not wait 
until dangerous symptoms appear, as they make the prognosis 
very bad. 

In opposition to this, conservative authors advance the opinion 

* Knapp, and Politzer, Indications for opening up 

the Middle-Ear Spaces in Middle-Ear Suppurations. Sixth International 
Otological Congress, London, 1899. 

t See chapter on Intracranial Complications, p. 567. 
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that in many cases, middle-ear suppurations may continue. for 
decades — even during the hfe of the patient — without complica- 
tions, and that not infrequently a persistent middle-ear suppura- 
tion may be cured without the radical operation by a' thorough 
local treatment (by the removal of granulations and polypi from 
the tympanic cavity and attic, and by scraping away rough bone 
on the external attic wall). 

Therefore, in all cases of persistent middle-ear suppuration in 
which the objective and subjective symptoms, so paramount for 
the operative indication, are lacking, we must always try to 
control the suppuration by a thorough local treatment before 



Pig. 246 . — Peontal Section theottgh the Right Tbmpoeal Bone. 

<7, Superior wall of the meatus; «, Inferior wall of the meatus; p, Mastoid process; 
c, Posterior wall of the tympanic cavity; c'. Inferior wall of the.tympanic cavity; 
an. Antrum; /, Section of the facial canal on the inner wall of the tympanic 
cavity; st. Place of exit of the opened descending part of the facial canal'(stylo- 
mastoid foramen); at, Margo tympanicus of the external attic wall; o. The part 
of the inner division of the superior wall of the meatus w'hich must be chiselled 
away when exposing the attic ; a. Compact part of the posterior wall of the meatus; 
i. Internal auditory meatus; v. Vestibule. 


resorting to operative procedures. It must also be borne m 
mind that, by performing the radical operation, the patient is 
compelled to give up his work for weeks or months, and that 
not infrequently the hearing gets worse, or is almost completely 
lost. 

Bare conditions which sometimes indicate the opening up of 
the middle-ear spaces are impacted foreign bodies or sequestra in 
the tympanic cavity, and that rare form of disease of the temporal 
bone knoAvn as actinomycosis. According to the cases described 
by Majochi, Zaufal, Cozzolino, Eeinhard, and Ten biethoi, 
actinomycosis is generally due to a secondary infection of the 
temporal bone caused by the ray fungus; only in the case 
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reported by Zaufal is the disease supposed to have started from 
the ear itself. The affection, which runs a course similar to that 
of a middle-ear suppuration, is characterized by the appearance 
of abscesses and hard infiltrations in the neighbourhood of the 
ear, and by cores within the abscesses, which have a yellowish 
or greenish appearance; the cores contain the oscillated or 
ramified filaments of the fungus with their coccidia-like processes 
arranged in a radiating manner. The termination is usually, 
fatal from metastases in the brain. 

Operative Wlethods for opening up the Wliddle-Ear Spaces. 

Anatomical Remarks. — In order to have a better idea of the 
operative procedure in performing the radical mastoid operation, 
it might be of value to point out a few details regarding the 
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Pig. 247. — The OPENED-ur Middle-Eae Spaces in a Left Temporal Bone. 

a, Attic; h, Antrum; c, Cavum liypotyinpanicum; d, Fenestra vestibuli (ovalis); 

e, Facial canal, and above it tbe prominence of the horizontal semicircular canal; 

f, Sinus. 

anatomical relation of the antrum to the auditory meatus, and 
to consider the topographical relation of the descending part of 
the facial canal. In the pneumatic mastoid processes the antrum 
is, as a rule, more spacious than in the diploetic. 

In the pneumatic mastoid the posterior part of the antrum lies 
considerably more external than the cavum tympani, so that a 
sagittal section passing through the middle pf the osseous meatus 
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strikes the external border of the antrum. In such a case, but 
still more often when the antrum is pathologically widened, the 
cavity of the antrum is opened at a short distance from the 
external auditory foramen when removing the posterior superior 
wall of the meatus, while, on the other hand, when the antrum 
is small, this is possible only when we have reached the posterior 
superior border of the membrana tympani. 

When chiselling away the posterior superior wall of the meatus 
and the external wall of the attic, the topographic relations of the 
facial and horizontal semicircular canals must he especially con- 
sidered,* as an injury to these parts is one of the unpleasant 
‘occurrences in the radical operation. If, on a frontal section 
through the tympanic cavitj’’ (Mg. 246), the course of the facial 
nerve is followed from the inner wall of the cavum tympani 
(/) to the stylo-mastoid foramen (st), it is found that the 
Fallopian canal often takes an oblique course which is strongly 
directed outwards, so that a vertical line projected from the 
stylo-mastoid foramen would almost touch the middle of the 
inferior wall of the meatus. In its course the facial nerve 
(/, st) passes through the compact bone substance (c) situated 
below the antrum, which connects the posterior and inferior walls 
of the meatus with the pyranoid (Pig. 246, area c). This so- 
called facial spur must be especially avoided when opening up 
the middle-ear spaces, owing to the danger of injuring the facial 
nerve. 

Of just as much importance in the radical operation is the 
chiselling away of the posterior superior wall of the meatus and 
the external wall of the attic. The accompanying cut (Pig. 247) 
is taken from a macerated temporal bone, and shows, in addition 
to the cavum tympani and antrum, a large part of the mastoid 
process and plate over the sigmoid sinus. f 

The operation for opening up the middle-ear spaces from the 
mastoid process (the radical mastoid operation) is divided into 
the following steps:! 

1. Exposure of the external surface of the field of 

operation. 

2. Opening up the middle-ear spaces. 

3. The plastic operation. 

■ 4. The after-treatment. 

5. The eventual operative treatment of intracranial com- 
plications. 

* Cp. Randal, Zeitschr. /. Ohrenheilk., vol. xliv. 

t Por the study of the topograpliic relations of the temporal bone m 
reference to the radical operation the following works are 
Trautmann, Die cliinirgische Anatomie des Schlafebeins, Hirschwald, 18Jo, 
A. Politzer, Die anatomisclie imd histologisclie Zergliedemng des mensc i- 
liclien Geliororgans, Enke, 1S89; Gerber, Hand atlas der Operahcnen am 
ScMafebein, Wiesbaden, 1904. , . , 

t Refer to p. 499 for the instruments as well as the preparations require 
in performing the operation. 
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1. Exposure of the External Surface of the Field of Operation. 

The field of operation is prepared in the same manner as in 
the simple opening np of the mastoid process. The radical 
operation can be performed under a general or local ancesthesia. 
For local anaesthesia one can use a novocaine solution, 
aposthesine, or any of the other local anaesthetics. Some of the 
solution is injected under the periosteum at the fossa mastoidea 
and at the centre and apex of the mastoid; several c.cm. are also 
injected under the periosteum of the posterior wall of the external 
meatus, in that one introduces the needle directly behind the 
place of attachment of the auricle, and advances it as far as the 
region of the. antrum. Finally, several c.cm. are injected into 
the four walls of the meatus under the periosteum at the place 
of union of the cartilaginous and osseous canals. If the parts 
are well infiltrated, the operative procedure is comparatively 
free from pain, but the patient experiences the unpleasant 
sensation of hearing the chiselling of the hone. There is 
quite severe pain, however, when the antrum is reached, 
and when we endeavour to curette this part. That the 
operation can be fuUy carried out under a local anaesthesia is 
a well-established fact, and is sometimes necessary in cases of 
advanced age, marked diabetes, and in persons having severe 
heart lesions. 

Exposure of the field of operation is carried out just as in the 
ordinary acute mastoid operation (p. 500). The incision is made 
down to the cortex of the mastoid process, the periosteum is 
pushed back, and the bone freely exposed. 

2. The Complete Opening up of the Middle-Ear Spaces 
(The True Radical Mastoid Operation). 

After having exposed the field of operation, the planum 
mastoideum and osseous meatus are examined to see if there are 
any carious areas or fistulous openings. 

If the external surface of the mastoid process j)resents a normal 
appearance, several layers of bone are then removed just as in the 
acute mastoid operation, and the mastoid bone freejy laid open 
(Fig. 248). Inasmuch as further layers of bone are chiselled 
away from the posterior superior wall of the meatus, a funnel- 
shaped wound is made,- the convexity of which is directed back- 
wards and upwards, the apex forwards and inwards towards the 
tympanic cavity. 

When the antrum is normal, or abnormally widened by caries 
and cholesteatomata, its external part is reached only a short 
distance from the cortical layer of the mastoid process when 
chiselling away the posterior superior wall of the meatus. The 
external boundary of the antrum corresponds nearly to the 
middle of the posterior wall of -the osseous meatus (Fig. 248, an). 
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The Opening in the antrum (Fig. 248, an) is now widened by 
means of a narrower chisel, and. the granulations or cholestea- 
tomatous masses filling the cavity are removed with a sharp, 
oval curette. 

Before chiselling away the internal section of the posterior 
superior wall of the osseous meatus (p), it is advisable to lay bare 
the opened antrum on all sides. It is therefore necessary to 
take away all the hone which overhangs the antrum until its 
most posterior border is open to view. 

For this purpose Stacke’s protector (Fig. 249) can be employed, 
which is of value in performing the radical operation. 


ail 



Pig. 248. — A View of the Pirst Phase oi*- the Radical Operation. 

an, The lateral part of the mastoid antrum, opened by chiselling away the posterior 
superior wall of the meatus; at, External wall of the attic; p. The still remaining 
internal seetion of the posterior wall of the meatus, separating the antrum from 
the attic; ma. Anterior wall of the osseous meatus; t, Membrana tympani. 

After having laid open the antrum, scraped out all the diseased 
bone, and carefully examined the cavity to see if there are any 
fistulous openings leading to the cranial cavity or sinus, the in- 
ternal part of the osseous meatus and the external attic wall 
(Fig. 260, at) are then chiselled away. For this purpose either a 
pointed bone forceps or a narrow chisel can be used. 

After the removal of this plate of bone the uninterrupted 
communication between the attic, antrum, tympanic cavity, and 
external meatus is established, and it only remains to chisel away 
all the overhanging and projecting osseous walls, the most 
important of which is the external attic wall. 

If the external attic wall is so completely removed that the 
tegmen tympani is on a plane with the partly chiselled away 
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superior wall of the meatus, and the protector, as it is drawn 
from the attic towards the superior wall of the osseous meatus, 
meets with no resistance, the contents of the attic is then scraped 
out mth a narrow curette, its walls made smooth, and the tegmen 
tyrupani examined with a probe to see if there are any defects or 
necrotic areas in the bone. 

Attention must then be directed to the tympanic cavity which 
lies farthest anteriorly and inferiorly. It must be mentioned 
that even after completely laying open the attic and antrum, the 



Fig. 249. 
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Fig. 250. — ^View of the Field of Operation after 
OPENING UP THE AnTBUJI AND BEFORE THE REMOVAL 

OF THE Osseous Bridge of the Posterior Superior 
Wall of the Osseous Meatus. 

cs, The prominence of the horizontal semicircular canal; 
an. Mastoid antrum ; af , External attic wall ; am. Osseous 
bridge between the attic and antrum; ma. Anterior wall 
of the meatus; i, Slembrana tympani. 


tympanic cavity is still partly hidden from view by the so-called 
facial spur and the posterior wall of the osseous meatus lying 
external to it. Therefore, in order to bring the cavum tympani 
and its floor {cavum liypotynipanicum) into view, it is necessary 
to remove the uppermost portion of the facial spur and a part 
of the posterior wall of the osseous meatus lying external to it. 
This manipulation requires the greatest caution, owing to the 
danger of wounding the facial nerve. During this stage of the 
operation an assistant must immediately inform the operator 
if there are any twitchings or contractions of the muscles of the 
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face. If the nerve has been irritated or slightly injured, these 
twitchings hecome very marked. When the nerve has been 
severely injured, a more or less pronounced facial palsy becomes 
manifest during the operation or shortly after. With the same 
precautions a part of the posterior portion of the sulcus tym- 
panicus is removed. In order to bring the floor of the tympanic 
cavity on a level with the inferior wall of the meatus, and to 
create a good drainage for the secretion in the cavum hypo- 
tympanicum, the irmermost border of the inferior wall is also 
removed. This is indicated, however, only when the floor of the 
tympanic cavity lies- very low. Hammerschlag (Wiener Min. 
WocJiensclir., 1899) correctly draws attention to the fact that, 
by this manipulation, a granulating wall forms at the chiselled 
surface, which prevents epidermization taking place from the 
external meatus into the tympanic cavity. 

In order to clean out the tympanic cavity, the detached pos- 
terior wall of the membranous meatus is drawn as far as 
possible towards the anterior wall of the auditory canal with 
a blunt retractor. When, in spite of this procedure, a free view 
of the cavum tympani cannot be obtained, the author makes 
several incisions into the posterior wall of the membranous 
meatus necessary for the plastic operation (vide Plastic Methods, 
p. 533), and has the flaps thus constructed pulled upwards and 
downwards by means of small, pointed retractors. Prom the 
cavum tympani, w'^hich is now completely exposed, the often 
necrotic and defective malleus and incus embedded in granula- 
tions and cholesteatomata, together with the remnant of the 
membrana tympani, are removed with a narrow, sharp curette. 
Curetting the cavum tympani is done in such a manner that the 
point of the sharp curette is passed from the promontory wall 
towards the external meatus, whereby the stapes is less liable 
to be dislocated. 

After having cleaned out the tympanic cavity — care being 
taken not to curette the internal wall — any depressions _ on 
the floor of this cavity and in the neighbourhood of the tubal orifice 
are scraped out with small, lentiform curettes; this must be per- 
formed with great care, as a dehiscence in the wall of the carotid 
canal and jugular fossa may be present. The middle-ear spaces, 
now completely laid open, are again carefully examined to see 
if there are still any projections, depressions, and roughness of 
bone. In most cases a chisel and the smallest sharp curette are 
sufficient to smooth off the surface of the wound. 

In order that the wound may take a normal course, a thorough 
removal of all diseased tissue is most important. The 
completely the wmlls are smoothed off, the more uniform will be 
the growth of granulations. When cholesteatornata are present 
in the mastoid process, it is most difficult to obtain a good granu- 
lating surface. The membrane, lining the cholesteatomatous 
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cavity must always be thoroughly removed, as it can never be 
foretold whether it will not act as a matrix and cause a recurrence 
of the cholesteatoma. In cases of cholesteatomata of the 
mastoid process, Zaufal recommends, after the thorough removal 
of the masses with the curette, that the surfaces of the bone be 
cauterized with a Paquelin cautery, or painted with tincture of 
cantharides. 

When the operation is completed, the wound cavity is cleansed 
by irrigating it with a warm, sterile saline solution, and then 
disinfected with peroxide and alcohol, or swabbing it with tincture 
of iodine, which is again removed with alcohol. 
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Fig. 251. — A View or the Field of Operation after the Complete 
Opening up of the Middle-Ear Spades. 

an, Antrum on a plane with the superior and posterior surfaces of the wound cavity; 
cs. Prominence of the horizontal semicircular canal; at. The opened attic; 
St, Region of the stapes; ol. Tympanic orifice of the Eustachian tube; pr, Inner 
wall of the tynipanio cavity (promontory); o. Fenestra cochlece; «,/, Descending 
part of the facial canal (artificially opened for inspection). 


The size of the external opening in the planum mastoideum 
alwa3’-s depends on the extent of the disease in the bone. An 
opening in the bone, extending far posteriorly and inferiorly, is 
necessary in cases in which the antrum is markedly widened 
posteriorly and superiorly; such an opening is also indicated in 
cases in which, besides the antrum, the vertical part of the 
mastoid process is destroyed by caries or cholesteatomatous 
masses; further, when the cortical layer is pierced by fistulous 
openings, and when the sinus, exposed by the carious process, is 
covered with granulations. In a like manner the operations 
which are carried out for intracranial complications and sinus 

34 
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thrombosis also necessitate a wider opening in the mastoid 
process.* 

When scraping out the middle-ear spaces, it is imperative that 
the tympanic orifice of the Eustachian tube is also thoroughly 
curetted, as it is only by this means that the formation of healthy 
granulations and the occlusion of the tube by the formation of 
a cicatrix are brought about. Sometimes, in order to expose the 
tympanic orifice of the Eustachian tube, it is necessary to chisel 
away a portion of the markedly bulged, anterior wall of the 
meatus (Winkler, Verb. d. deutschen oiol. Ges., 1903). Seguraf 
states correctly that occlusion of the tympanic orifice of the 



Fig. 252. — View oe the Field of Operation after the Completion 
OF the Radical Operation (Left Ear). 

a^, Attic; an. Mastoid antrum ; ca. Prominence of tlie horizontal semicircular canal; 
ma. Surface of the wound in the neighbourhood of the sigmoid sinus after removal 
of the mastoid cells; /, Facial spur; c. The remaining portion of the posterior 
wall of the cavum tympani; d. Neighbourhood of the sulcus tympanicus; li. Floor 
of the cavnm hypotympanicum; I, Tympanic orifice of the Eustachian tube. 

Eustachian tube after the radical operation is the most important 
factor in bringing about a cure and epidermization of the wound. 
This occlusion, however, is not always possible even after a most 
thorough use of the curette. In such cases the lack of closure 
of the tube and the continuous communication of the wound 
cavity with the pathologicalljr altered mucous membrane of 
the tube and naso-phaiynx are the main causes in bringing about 
repeated infections and relapses of the middle-ear conditions. 
According to Gerber (Arcliiv f. Ohrenlieilk., vol. Ixx.), the primary 
transplantation of a small Thiersch skin flap over the tympanic 

* Moure, De Vouverbure large de la caisse et de ses annexes {Revue hebdomud. 
de laryng., d'otol. et de rliinol.. Nos. 18-20, pp. 513, 545, 577). 
t Congres intern, de Madrid, 1904. 
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orifice is the best^method to bring about a closure of the tube 
after the radical operation. 

One of the most unpleasant accidents when performing the 
radical operation is injury to the horizontal semicircular canal, 
which is generally recognized as a yellowish prominence in the 
middle of the dark red, internal, antral wall; sometimes, however, 
it cannot be differentiated from the parts surrounding it. ^ In two 
cases operated on by the author, in which this canal was injured, 
there was no impairment in the hearing, but nausea, dizziness, 
and nystagmus, the rapid movements of which were directed to 
the opposite side, and lasted several days. The facial nerve is 
more frequently injured, and cannot always be avoided even by 
the most careful surgeon, owing to the abnormal course which 
the facial canal sometimes takes. If caution is observed when 
operating in the neighbourhood of the facial canal, it is but seldom 
that the nerve is severed in its entirety. A proof of this lies in 
the fact that in the majority of cases in which, immediately after 
the operation, a facial paresis or paralysis comes on, the condition 
disappears again after weeks or months, A facial paralysis 
which occurs only one or two days after the operation is due to 
an inflammatory irritation of the neurilemma, and, with but few 
exceptions, always passes away; the prognosis is therefore more 
favourable in these cases than when a- paralysis arises im- 
mediately after the operation. The accidental chiselling away 
of a piece of the tegmen antri or tympani, %vith exposure of the 
dura mater, is, as a rule, never followed by any ill-effeets. The 
defect produced in the tegmen must be thoroughly inspected, 
and ragged or sharp pieces of bone at the borders must be care- 
fully removed, in order to prevent a pressure necrosis of the dura. 
Even the exposure of a non-infected sinus has no detrimental 
influence on the course of the wound. Slight injury to the wall 
of the sinus is not, as a rule, followed by any evil results, but 
rupture of the sinus wall is followed by a profuse haemorrhage 
which requires immediate and tight tamponing, and must not 
be removed for five to six days. 

Another untoward accident is the unintentional luxation of 
the stapes from the fenestra vestibuli, whereupon the suppura- 
tion extends to the labyrinth, producing a total deafness or a 
fatal _ meningitis. This ossicle is somewhat protected against 
injuries by the freqvient absence of its crura, by its deep situation 
in the pelvis ovalis, and by the facial spur. In spite of this, 
a luxation of the stapes may take place if the tympanic cavity 
is not scraped in a direction from the promontory wall towards 
the external meatus. Eegarding the serious sequelae of the 
unintentional extraction of the stapes, the reader is referred to 
p. 4S9. 

The radical operation is modified by certain anatomical and 
pathological conditions. Among these one must mention 
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(1) a sigmoid sinus, which is abnormally pushed forwards; when 
such a condition exists, it is impossible to make a large opening 
in the planum mastoideum. (2) A sclerosis of the mastoid 
process combined with obliteration of the antrum. In the 
latter case, even if, after a considerable amount of bone has been 
removed from the posterior superior wall of the meatus, the 
antrum cannot be opened, it is advisable to open up the middle-ear 
spaces by Stacke’s method. 

This method differs from the typical radical operation in that the tympanic 
membrane is exposed, the malleus with the remnant of the drum is removed, 
and the external attic wall is chiselled away, after the posterior, superior, 
and inner parts of the cartilagino-membranous meatus have been detached, 
and held in position vdth a retractor. Thereupon the incus is extracted, the 
protector introduced backwards into the aditus ad antrum, and so much of 
the posterior superior wall of the meatus chiselled away until the protector 
has reached the posterior boundary of the antrum. Under the continuous 
guidance of the protector, the bony masses stiff covering the antrum externally 
are removed, and the antrum thus changed into a trough,' Avhich forms with 
the attic and external meatus one common cavity. Laterally, so much of 
the posterior Avail of the bony canal is removed that it passes over into the 
antrum waff in a straight line. 

The typical radical operation and the method of Stacke have their fixed 
indications. Stacke’s method is contra-indicated AA'hen there are fistulous 
openings on the mastoid process, Avhen there are sj^mptoms of intercurrent 
abscess formation Avithin this bone, when strictures of the external meatus 
exist, and, furthermore, Avhen there are signs of an intracranial complication. 
In such cases only the true radical operation should be performed. On the 
other hand, Stacke’s method offers great advantages when the sinus is 
abnormally pushed forwards, and when the mastoid process is sclerosed. 

The older method of the typical opening of the antrum mastoideum, as 
proposed by ScliAvartze, has been almost completely replaced by the radical 
operation. ScliAvartze and his pupils regard that the former indications for 
the typical opening up of the antrum stiff hold good in cases Avhich are not 
complicated with cholesteatoma, and in which the perforation in the posterior 
superior quadrant of the drum is not situated at the periphery {Archiv /. 
Olirenlieillc., vol. Ivii.). The antrum is reached the quickest, according to 
Schwartze, Hartmann, and Bezold, at a pomt beloAV the linea“ temporalis, at 
the level of the superior waff of the meatus, and about 7 mm. behind the 
spina suprameatum.* When this is absent, it is recommended to use, as the 
anterior boundary of the opening made by operation, the place where the 
planum mastoideum bends over into the posterior waff of the meatus, and as 
the upper boundary of the cavity, the upper border of the osseous meatus. 
Not infrequently the position of the antrum is designated by a more or less 
prominent hollow depression behind the superior part of the external orifice 
of the osseous meatus. It lies directly behind the spina suprameatum, avIucIi 
acts as a guiding landmark as the place of operation. In reference to the 
technical procedure in opening the antrum, the author refers the reader to the 
description under Acute Mastoiditis, p. 506. 

After the antrum has been opened up, and all diseased tissue has been 
thoroughly removed, the wound is irrigated under moderate pressure AVit.i a 
sterile saline solution, Avhereupon the fluid escapes through the external meatus 
Avithout any hindrance. The after-treatment is carried out as already de- 
scribed. 

* M. Yearsley, The Constancy and Variations of the Suprameatal Sfinc 
of Henle (Congres int. d’Otologie, Bordeaux, 1904). 
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A modification of the operative method as devised by Schwartze eonsists 
in removing a portion of the posterior superior wall of the meatus and the 
external antrum v'all, and allowing the external attie wall to remain, so as to 
preserve the inalleus and incus. This operation, which is supposed to over- 
come the loss in hearing caused by the typical radical operation, however, 
fulfds its purpose only in a very few instances, as it is hardly possible to remove 
all the diseased tissue from the middle ear by this method. According to 
observations at the author’s clinic, the suppuration continues after this 
operation, and when it does cease, it returns within a short time. Wlien 
cholesteatoma and granulations are present in the tympanic cavity, and when 
there is a large perforation of the drum, the operation is from the very begin- 
ning contra-indicated. It should only be performed in those cases in which 
the car to be operated upon is the only one with which the patient hears, 
or is the better hearing earj furthermore, when it is important to retain the 
hearing on account of the occupation of the patient,* or his social position, and 
if there is no vital indication for the radical operation. 

3. The Plastic Methods. 

The so-called plastic operation of the external auditory canal, 
which is carried out after completion of the radical operation, 
prevents the development of a stricture of the meatus, and 
utilizes the posterior wall of the membranous meatus for partially 
covering the surfaces of the bone cavity. The flaps made from 
the posterior wall of the membranous meatus are the starting- 
points from which ep'idermization of the uncovered, granulating 
bone-surfaces takes place. 

The plastic operation of the external auditory canal consists in 
the formation of flaps from the posterior wall of the membranous 
meatus.f It was first proposed by Stacke, and has since under- 
gone many modifications. The choice of operation depends on 
whether the external incision in the skin should be closed im- 
mediately, or whether the opening in the bone should be kept 
open permanently, or only for the time being. 

While some authors — for example, Kbrner, Jansen, Noltenius, 
and others — try to close the retro-auricular wound by primary 
union, others recommend that the cavity in the bone be kept open 
in the majority of cases. In the author’s opinion, it is much 
better to individualize, and to decide whether it is better to 
close the wound immediately or to keep it open, according to the 
changes found in the temporal bone. 

Primary union of the retro-auricular wound is indicated when 
we are fairly certain that all the diseased tissue has been removed, 
and when the loss of bone substance has not extended very far 
posteriorly and superiorly. On the other hand, when there are 
extensive cholosteatoinatous masses in the temporal bone, when 
the antrum is markedly widened posteriorly and superiorly, 

* Cp. Schoncmann, fcr/i. d. dcutschen otolog. Ges., 1906; and E. Urbant- 
scbilsch, Monat.f. Ohrenlicilk., 1908. 

f Cp. Stacke. Die operative Freileginig der Mittelohrraumc nach Abldsunq 
dcr Ohrmitschcl, etc., Tubingen, 1897. 
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when there is a great loss of substance in the vertical portion 
of the mastoid process, and when there are symptoms of intra- 
cranial complications which render the exposure of the dura or 
sinus necessary, it is better at first to leave the wound open. 
The temporary keeping open of the retro-auricular wound in 
these cases has the advantage of affording a better chance of 
observing the course of the w'ound, and of aiding our post-opera- 
tive treatment. If the wound is taking a normal course, the 
retro- auricular opening can be closed secondarily by sutures, if 
it has no tendency to close by itself. On the other hand, the great 
advantage of primary union is that the post-auricular wound 
closes within a few days, and the after-treatment can be carried 
on in the out-patient department, which enables the patient to 
resume his work within a very short time. 

We must endeavour to bring about a persistent opening behind 
the ear when there is an extensive collection of cholesteatomatous 
masses in the temporal bone, by which the greater part of the 
mastoid process has been destroyed, and a cavity, reaching far 
posteriorly and superiorly, has been formed. A persistent, retro- 
auricular opening enables us to remove cholesteatomatous 
deposits, which result from the process of epidermization, and 
which lie in the recesses of the cavity, with much more certainty 
than is possible by way of the external auditory canal. The 
patient is also able to wash out his ear from time to time, thus 
preventing the deposit of crusts and masses of epidermis. This 
indication is regarded too lightly by otologists. Only in cases 
in which, after long observation, we are convinced that desquama- 
tion in the cavity is slight, and that new deposits of epidermis 
can be removed as easily from the external meatus as from the 
cavity direct, may we close the retro- auricular wound (for 
appearance’ sake) by one of the plastic methods. 

Pause’s Plastic Operation. — The posterior wall of the mem- 
branous meatus is incised at a right angle to the long axis 
of the auditory canal as far as the auricle (Fig. 253, c). To 
accomplish this, a strong pair of anatomical forceps is passed 
through the external auditory canal, and that part of the posterior 
wall of the membranous meatus between the branches of the forceps 
is cut through with a blunt-pointed bistoury up to the auricle. The 
incision reaches close (externally) up to the posterior edge of the 
external auditory orifice; only if the antrum is very much enlarged 
backwards and upwards, and it is desired that the external 
auditory orifice should be made larger so as to get a better view 
of the cavity in the bone, is it necessary to lengthen the incision 
3-5 mm. into the concha. At the external extremity of this 
incision, and at right angles to it, two short incisions are made 
upwaids and downwards (Fig. 253, s, s),' whereby two flajis aic 
formed, an upper and lower. In order to make these flaps 
thinner and more movable, the soft parts on their posterioi 
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surfaces are removed with a pair of curved scissors. The inferior 
or lower flap (Fig. 254, u) is then sutured to the inferior angle 
of the wound, while the superior or upper flap (o) is either 
tamponed or sutured to the superior angle of the cavity. 

In those cases in which it is desired that the retro -auricxdar wound should be 
transformed into a persistent opening, it is recommended to bring the epidermis 
of both meatal flaps in contact with the epidermis of the external incision in 
the skin. If, on the other hand, the wound is to be closed by secondary 
union, an exposed raw surface should be left (Fig. 254) between the epidermis 
of the external incision and that of the flaps when they are fixed in position. 

Stacke’s plastic method is as follows: Stacke makes a longitudinal incision 
through the superior wall of the membranous meatus as far as the concha. 



Fig. 253. 

c, Longitudinal incision through the posterior wall of the membranous meatus; 
s, s', Superior and inferior incisions ■which arc made at right angles to c, where the 
concha passes into the auditory meatus; I, I', Superior and inferior flaps which 
are made from the posterior •\\ all of the meatus. 


At right angles to this another incision is made doumwards and close 
to the concha. In this manner a rectangular broad flap is obtained, 
which is formed from the posterior and a part of the superior wall of the 
membranous meatus. This flap is pressed against the inferior surface of the 
eavity of the wound, and kept in position bj'' tampons. 

Komer’s plastic (Fig. 255), a modification of a method originally 
suggested bj'- Pause, is suitable only for those cases in which 
it is desirous to close the retro- auricular wound by primary union. 
Two parallel incisions (Z, 1'), about a quarter of an inch apart, 
are made into the membranous meatus up to the concha, and 
even a short distance into it. As a result of this, one large 
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broad flap is formed (Pig. 255, Im), and the external auditory 
orifice is so enlarged by bending back the incised cartilage of the 
concha that a better survey of the cavity in the bone is thereby 
obtained. 

After the flap has been formed, the soft parts on its posterior 
surface are removed with a pair of scissors and the thinned flap 
is tamponed against the posterior surface of the bone cavity. 
To accomplish this more easily, the author uses a rubber drainage- 
tube cm. wide, which is split in its entire length; this tube is 
introduced into the external meatus in such a manner that the 
slit is directed towards the anterior wall of the meatus, while the 



I’m. 254. 

h, Posterior wall of the bone cavity produced by the operation; o, Superior, and 
inferior, flaps made from the membranous meatus, and united to the anterior 
edge of the wound; v, Anterior wall of the meatus. 

meatal flap lies upon its posterior surface. After we are con- 
vinced that the flap on the tube is in the right position, the 
auricle is replaced and the flap tamponed through the drainage- 
tube by means of small, longitudinal strips of iodoform gauze 
against the posterior surface of the bone cavity. This simple 
device of applying the tampon has the advantage of not dis- 
turbing the flap when removing the gauze and drainage-tube at 
the first dressing; with the ordinary tampon, the flap can easily 
be loosened from the underlying surface when changing the 
gauze. After the flap and tampon are in their proper position, 
the retro-auricular wound is closed with sutures or with Michel 
clamps, and the outside dressing and bandage applied {vide 
After-Treatment, p. 543). If at the first dressing we are con- 
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vineed that the flap is adherent to the surface of the wound, the 
drainage-tube may be dispensed with at future dressings. 

The Siebenmann’s plastic (Pig. 266) consists of a longitudinal 
incision made in the posterior wall of the membranous meatus, 
which divides in the neighbourhood of the concha into the form 
of a Y, whereupon these two incisions are continued far into the 
concha. Three flaps are thus formed, of which the two lateral 
(a and b) are fixed to the upper and lower part of the wound, just 
as in the Panse plastic, while the central (c) large flap, which 
has been thinned down by excision of a piece of cartilage, is 
tamponed against the posterior surface of the bone cavity. 



Fig. 255. 


CO, co'. Parallel incisions through the posterior wall of the membranous meatus; 
Im, The central flap; I, The superior wall of the cartiiagino-membranous meatus; 
I', The inferior wall of the same. 


This plastic posse.sses the disadvantage that the external auditory orifice 
becomes too large from a cosmetic point of view. In the last few years the 
author has frequently used at his clinic a modification of Siebenmann’s 
plastic as purposed by Neumann. It diffem from the Siebenmann plastic in 
that the Y-shaped incisions do not extend so far into the concha, and the 
cartilage of the central pointed flap is not excised. In this way an external 
auditory orifice is produced which is sufficiently large, and does not create 
such a deformity. 

Passow’s plastic (Pig. 267) forms a large upper flap (a) from 
the medial part of the external meatus, and a short Korner flap 
(b) from the lateral part of the meatus and part of the concha. 
This is done in such a manner that the meatus is incised parallel 
to its long axis as far as the auricle (1) at the place where the 
posterior passes into the inferior wall. A second incision, per- 
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pendicular to the first, is made about cm. from the lateral 
extremity of this first cut, and passes up perpendicularly (2) 
through the entire posterior and superior walls. From the upper 
end of this incision an incision is made forwards into the concha 
(3), and another backwards (4). Through the latter, the upper 
flap {a) is made movable, so that it can easily be placed against 
the upper wall of the bony wound cavity without obstructing the 
view into the deeper parts. Two catgut sutures, which are 
passed through the periosteum of the posterior border of the 
skin wound, hold the short, tongue-shaped flap (b) posteriorly. 
The base of this flap is advantageously made wider in that the 
incisions are made divergent into the concha. The retro- 
auricular wound is closed with Michel clamps. 



Botey’s plastic (Archivfilr Ohrenheilh., vol. xlv.) does not injure 
the cartilage of the ear. He makes an anterior superior longi- 
tudinal incision through the membranous meatus as far as the 
incisura trago-helicina, whereby two long flaps are produced, 
which are fixed with sutures, or by tampon. 

Bluhl {Monat. jur Ohrenheilk., 1905) combines Pause’s plastic 
with that of Kdrner (Fig. 258) in that he makes an incision for 
about two-thirds of the length of the posterior wall of the mem- 
branous meatus in its long axis, and makes two niore incisions 
at right angles to this (a and h), whereby a posterior flap (c) is 
formed from the remaining part of the membranous wall and a 
part of the concha, which is thinned down and tamponed agams 
the posterior surface of the wound. . 

Suppuration or gangrene of the flaps of the auditory canal is 
rare. Perichondritis, with subsequent deformity of the auric e. 
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may occur, but does not happen often. This complication is 
supposed to be due to a faulty treatment of the wound, hut is 
brought about in the majority of cases by infection through the 
Bacillus pjoeyaneiis. The inflammatory swellings of the auricle 
subside upon the application of fomentations of Burow’s 
solution. 

The shape, size, and form of the external orifice of the ear 
after the plastic operation depend on how far the incisions are 
carried into the cartilage of the concha, and on the tamponing 
during the after-treatment. In cases in which the external 
auditory orifice shows a tendency to contract, the introduction 
of eoi’respondingly wide drainage-tubes is necessary during the 
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treatment of the wound. The enlargement' of ^the external 
auditory orifice is not noticed if the plastic has been properly 
performed. 

The process of epidermization of the surfaces of the wound 
starts from the anterior inferior wall of the auditory meatus, 
which has not been touched, and from the flap constructed from 
the posterior wall of the auditory canal. Little islands of epidermis 
on the promontory wall, from which, according to Hammerschlag,* 
the process of epidermization proceeds in different directions, 
are the remains of epithelium which have been left in the mucous 
membrane, and which, through metaplasia, assume the character 
of epidermis. 

The endeavour to hasten the process of epidermization on 
the uncovered parts of the wound, and thereby shorten- the 
* Wiener Uin. WocJienschr., 1899, No. 43. 
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course of healing, has led to different methods -whereby skin-flaps 
covered with epidermis, and taken from the hairless parts around 
the field of operation, are implanted into the wound cavity. 

Kretschmann {A. f. 0., vol. xxxvii.), after having made a Panse plastic, 
makes a curved incision in the integument external to the line of the hair, and 
parallel to the posterior edge of the retro-auricular wound. Prom the middle 
of this incision a short connecting incision is made to the posterior edge of 
the wound, whereby two skin-flaps are formed, which are dissected from their 
bases, and implanted" into the bone cavity from above and below. 

Siebenmann {Berliner Min. WocJienschr., 1893) makes, from the retro-auricular 
region, a movable flap, the apex of which is directed downwards and the base 
towards the line of the hair. This is dissected free, and tamponed into the 
cavity of the wound from above — in other words, from behind. 



Fia. 258. 

Passow {Monograpliie Hirschwald., Berlin, 1895) makes, in order to keep 
the woimd open, an inverted Stacke flap, which he tampons against the 
superior wall of the cavity in the bone. He then forms a flap from the skin 
of the mastoid process Avhich is turned up, so that its original posterior edge is 
brought into apposition with the remains of the inferior wall of the auditory 
canal, where it is fixed by sutures. The original anterior edge of the flap is 
brought into apposition with the posterior edge of the retro-auricular wound, 
and fastened with sutures. The defect on the side of the neck caused by the 
removal of the flap is closed by bringing the two edges of the wound together 
with sutures. Just as in Siebenmann’s plastic operation, the free wound edge 
of the concha is covered by uniting the integument covering the antenor 
and posterior surfaces of the auricle. . . 

Stacke forms, before the radical operation, a large, tongue-shaped skin-nap, 
wliich is made only of the skin and subcutaneous cell tissue, from the par s 
covering the mastoid process, and the apex of which is directed downwards. 
A tongue-shaped flap from the periosteum of the mastoid process is now ma e 
by two incisions diverging doivnwards. The tegmen tympani and antri are 
covered by the superior skin and connective-tissue flap, and the floor or e 
antrum, as well as a part of the facial spur, by the periosteal flap. 
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A method which is occasionally practised is the transplanta- 
tion oi Thiersch’s grafts into the cavity;' this is especially 
recommended hy Reinhard,* Jansen (Joe. cit.^, and Ballance. 
Jansen applies Thiersch’s grafts to the smoothed-off surfaces of 
the wound immediately after the operation, while others recom- 
mend the transplantation of skin to the granulating surfaces 
which form during the treatment of the wound. If, in these cases, 
the graft fails to take, it is undoubtedly due to the fact that the 
granulating surface is not always free from infection; still, it 
must be mentioned that transplantation also fails even when the 
local conditions are most favourable, and that sometimes after 
a successful transplantation a destruction of the new epidermis 
also takes place after some time. In those cases in which the 
transplanted graft remains permanent, it is of great value, as it 
materially shortens the time of healing ; without transplantation, 
complete epidermization takes place only after six to eight weeks, 
and in large wounds from two to three months or even longer. 



The transplantation of Thiersch’s grafts must be carried out under strict 
aseptic precautions. Jansen transplants immediately after the operation, at 
different places of the bone cavity, small grafts wMch he covers with little 
pieces of gauze smeared with boracic acid ointment. The author used, as a 
protective to the grafts, small pieces of sterilized tinfoil. 

Chas. A. Ballance’s method of performing the plastic operation is different 
from those already mentioned. After the typical radical operation, the 
membranous meatus — ^which has been incised in its long axis — is fixed to the 
skin-flap which has been dissected off, and the wound is closed. Ten to 
fourteen days later the sutures are removed, the wound is again laid open, 
and the granulating wound surface is covered with large Thiersch’s skin-flaps 
taken from the forearm. 

The intra-auricular method of transplantation, f as suggested 
by the author, is suitable for those cases in which the retro- 
auricular wound is closed immediately after the operation. If 
the wound is taking a favourable course and is covered with 
healthy granulations, the operation is carried out on the sixth 
to the twentieth day. 

Before transplantation is performed, the ear is irrigated several hours 
previously mth sterilized water, and then filled with a peroxide solution, 
which is again removed with sterile cotton. Three to four hours later 


* Versam7nl. deKfscli. Naturf. u. Acrzte in Diisseldorf, 1898. 
f Wiener med. Wochenschr., 1904. 
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a 1-2 square cm. skin-flap, which is as free from hair as possible, is 
removed Avith a broad, flat knife from the inner side of the leg or from the 
forearm. 

The small flap, which has been flattened out on the knife is placed Avith 
a small forceps on the upper perforated globular end of a glass cannula 
(Fig. 259) in such a manner that the epidermal layer lies against the 
glass surface. This cannula is connected with a small air-bag by means of 
a rubber tube. 

The transplantation of the flap is carried out in such a manner that, after 
removal of the sterile gauze tampon, and under full illumination of the 
meatus, the anterior end of the glass cannula covered AAoth the flap is intro- 
duced through the meatus up to the granulating surface, and the skin-flap is 
bloAA'n on to the Avound surface by compressing the air-bag. The cannula is 
then carefully remoA’-ed from the ear, and parts of the flap Avhich are not 
entirely adherent or folded up are flattened out, under direct illumination 
Avith the head mirror, by means of a probe, and made to come completely in 
contact Avith the granulating surface. The small cannulse AA'ith globular ends 
(Fig. 259) are used in a broad, Avhilc the straight cannula? (Fig. 260) in a 
narroAv, meatus. Small sterilized cotton pledgets, Avhich are introduced 



Avith a delicate forceps, are then pressed lightly against the transplanted 
grafts, and then piled up on one another until the osseous meatus is entirely 
fiUed. 

Union of the transplanted skin-flap takes place from tlu-eo to four days. If 
union has not taken place during this time, then it Avill not occur even if the 
flaps are aUoAved to remain longer. Union does not take place readily in the 
region of the tj'mpanic orifice of the tube, Avhicli has remained open. Accord- 
ing to the author’s observations, the continuation of a moderate secretion on 
the granulating surface does not hinder the partial union of the transplanted 
graft. 


4. Methods for closing Persistent Retro-Auricuiar Openings 
produced by the Radical Operation. 

The Piastic Operation of Mosetig-IVloorhof.’'' — tongue-shaped 
flap, Avhich is somcAvhat larger than the defect in the bone, is fu'st draAA'U AA'ith a 
pencil beloAV the retro -auricular opening on the skin of the mastoid process 
that is, on the lateral cervical region. The flap is then dissected up as far as 
the edge of the defect in the bone, to Avhich it is connected by a broad pedicle. 
The circumferenee of the opening is deepened in a furrow-like manner to 
the extent of 2 mm. by means of a pointed bistoury; the flap is then turned up, 
and after its edges haA’^e been freshened, it is brought into the furroAV arou^na 
the defect in the bone, and fixed by sutures. The epidermal surface of tlie 
skin-flap is thereby turned inAA'ards — ^in other Avords, tOAvards the AVOund cavity. 
The defect caused by the removal of the flap is closed by uniting the edges o 
the incision in the skin. The external raw surface of the flap may be covere 


Centralhlatt fur CMrurgie, 1898, No. 46. 



after-treatment of radical operation 543 

either wtli Thiersch’s grafts, or allowed to cicatrize. In two cases the author 
observed, some time after cicatrization, a rich growth of hair on the inner 
surface of the reversed flap in the mastoid cavity. 

Passow,* having first anaesthetized the parts, makes an oval incision around 
the edge of the opening right down to the bone. Inasmuch as he pushes the 
skin towards the w’Ound cavity on the one hand, and away from it on the 
other, two movable skin-flaps are constructed — an internal (within the cavity) 
and an external (without the cavity). The internal flap is turned towards the 
wound cavity (invaginated), so that its epidermal surface faces inwards, 
whereupon the two edges of the w'ound are united by a single line of sutures. 
In like manner the external raw edges of the skin are drawn together until 
their freshened surfaces meet, and are then united by sutures. In order to 
obtain a smooth scar, small triangular pieces of skin are cut away from the 
upper and lorver angle of the wound with a pair of scissors. This method, 
which lias been often used at the Charite Hospital (in Berlin), has been found 
of practical value not only "with small, but also with large, retro-auricular 
defects. 

Alexander’s plastic is as follows (J^rc/wv /fir O/imi/ieiZA:., 1907); He makes 
an eccentric incision around the opening, forming thereby a larger anterior 
and a smaller posterior flap. Both are elevated from the underlying surface, 
turned over towards the operated cavity,' and united with sutures (catgut). 
The skin surrounding the part is loosened up, and united over the flaps by a 
linear suture. The advantage of this method is that the two layers of sutures 
do not lie directly over each other, so that a premature tearing of the sutures 
is thereby avoided. 

H. Frey {Archiv fiir Ohrenheilk., Ivi.) has brought about closure of the 
opening by subcutaneous injections of paraffin in a number of cases in which 
the diameter of the opening did not measure more than 1^ cm. By injecting 
the paraffin into the skin the edges of the wound were brought together, thus 
closing the defect. Complete closure was often accomplished by subsequently 
cauterizing or freshening up the epidermized borders of the opening, thereby 
making them grow together firmly. 

5. The After-Treatment. 

The after-treatment is of greatest importance in the final 
result of the radical operation, as an uncomplicated course and 
a rapid epidermization of the wound can be obtained only from 
a careful and strictly-carried-out antiseptic treatment. 

After the operation has been completed, the wound cavity is 
tamponed with iodoform or sterile gauze. The first tampon must 
be as tight as possible. By this means the secretion is reduced, 
and the meatal flaps are kept in apposition with the osseous walls. 
Having tamponed the wound, the bandage is applied. 

If the patient does not complain of pain and if there are no 
marked fluctuations in temperature, the first dressing is not 
changed for five to six days. In removing the packing, which is 
at first somewhat painful, one must take care not to dislodge 
the meatal flaps, as they have not as yet become firmly united to 
the wound cavity. 

Prom noAv on the dressing is changed every other day. 

The manner in which the tampon is used depends. on the 
condition of the wound during the course of treatment. * If the 

* Z.f:a, 1893, p. 224. 
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wound cavity shows only a slight inclination toAvards the forma- 
tion of granulations, the tampon must be applied loosely until 
the entire caAoty is coA'-ered Avith an even granulating surface. 
If, on the other hand, the surface of the AA^ound shoAA^s an inclina- 
tion towards an excessive groAvth of granulations, it must be 
checked by tamponing the Avound as tightly as possible. 

The beginning of epidennization is made evident by the exten- 
sion of the Avhitish-gray lining of the AAmlls of the auditory canal 
to the granulating surface, and by the broadening out of the 
implanted Thiersch’s grafts. If the granulating surface does not 
shoAV any inclination to form epidermis, the process may be 
hastened by the subsequent implantation of Thiersch’s grafts. 
The implantation of these grafts is attended Avith success only if 
the granulating surface has been carefully Avashed Avith a steril- 
ized normal saline solution. According to Denker, Thiersch’s 
grafts take better if the wound is not tamponed. 

If the wound is running a normal course, the knanner of 
applying a tampon after the third or fourth Aveek aaIII uepend on 
whether Ave desire a persistent retro-auricular opening, or a 
secondary closure of the Avound. In the former case the Avound 
is tamponed from the reti’o-auricular opening until the epi- 
dermis lining the cavity comes into contact AAoth the epidermis 
of the external surface of the mastoid process. In the latter case, 
however, in which Ave endeavour to close the wound by secondary 
union, the introduction of the tampon must be continued through 
the external opening of the ear from the fourth Aveek on. If the 
tampon is inserted by Avay of the external auditory orifice before 
the epidermis of the Avound has reached the edge of the retro- 
auricular opening, the latter Avill gradually become smaller and 
completely close, leaving a hardly-noticeable linear scar. Little 
fistulous openings, from the size of a hemp-seed to that of a pea, 
are closed by cauterizing the edges Avith nitrate of silver, tri- 
chloracetic acid, or the galvano-cautery. 

When the retro-auricular Avound is closed at the time of 
operation, special attention must be given to those parts of the 
wound which bound the antrum posteriorly and suiieriorly. 
These parts are the last to become covered AAdth epidermis, and, 
in spite of most careful tamponing, continue to secrete and shoAV 
an inclination toAvards the groAvth of granulations long after 
epidermization of the remaining parts of the Avound has taken 
place. Carefully curetting and cauterizing Avith nitrate of silver 


or trichloracetic acid often lead to a cure. 

After complete epidermization has taken place, the surface 
of the Avound appears dry and shining. Often, hoAA'^ever, m the 
lateral recesses of the cavity, and especially in the region of the 
antrum, there are deposits of epidermis, or adherent broAvn 
crusts, Avhich, after a Avhile, cause a relapse of the supiniration. 
Patients in whom this occurs must visit their physician a 
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intervals of from four to eight weeks in order that he may 
thoroughly clean out the middle ear. To keep the wound cavity 
clean, we can give the patients instillations of a mixture of 
peroxide 5-0, aqua dest. 50-0, boracic acid 1-0, alcohol 20-0, to be 
used two or three times a day, or irrigations of sterilized normal 
saline solution if the discharge is copious or foul-smelling. 

When, in spite of a most careful after-treatment, there is 
a foetid secretion and a profuse growth of granulation at one 
or more places in the wound, it is due to the retention 
of carious or necrotic bone in the cavity of the wound. When 
the secretion is foetid, antiseptic irrigations are indispensable, 
and instillations of peroxide into the wound, moist dressings of 
Burow’s or of a 3 per cent, lysol solution (Manasse), and dusting 
the surface of the wound with boracic acid, dermatol, or airol all 
render good service. In several cases in which the tympanic 
orifice of the Eustachian tube was open, the discharge was 
stopped by washing out the middle ear through the Eustachian 
catheter. It is sometimes possible to favourably influence the 
further course of the wound by first cocainizing the granula- 
tions, removing them, and then scraping the bone with a 
sharp curette. In all cases in which the osseous disease extends 
to the deeper parts of the temporal bone which are inaccessible 
to the curette, or in which necrotic areas of bone appear during 
the course of the wound, it may become necessary to remove the 
diseased parts by performing a secondary operation. 

Granulations which, in spite of tight tamponing, grow over 
the surface of the wound, should be cocainized and then cauterized 
with solid nitrate of silver or trichloracetic acid. Often one to 
three cauterizations are sufficient to produce a healthy granulat- 
ing surface. 

Special attention must be j)aid during the after-treatment 
to recesses in the posterior superior part of the antral ' region 
and to the growth of granulations in the region of the facial 
spur and horizontal semicircular canal (Stacke). Between 
the granulating surfaces there is only a small intermediate 
space, which sometimes leads to the agglutination of both 
surfaces, and later to the foi’mation of connective tissue septa, 
with partial occlusion of the attic and antrum. Emtid caseous 
secretion often collects there, which necessitates a secondary 
operation, with a thorough opening up of these recesses. 

In the last few years the after-treatment, without tamponing, 
has found rnany adherents.* The experience gained at the 
author’s clinic shows that in many cases epidermization of the 

* Miililen, Zeilsclir. f. Ohrenheilk., vol. xxxix.; Zarniko, Deutsche med. 
Wochcnschrifi, 1893; Eemaiin, La'Presse oto-larijng., 1903; Sclmtter, 3Iomt- 
fiir Ohrenheilk., vol. xxxix.; Caboche, Arch. hit. o. Otol., 1904; Laurent, 
Ghirurgie olo-rhino-laryngologique, Paris, 1906; Gerber, Archiv fiir Ohrenheilk., 
vol. Ixx. 
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wound does take place more rapidly by this method, hut that 
more often an excessive secretion develops, which disturbs the 
process of healing and necessitates the use of the tampon. 

Besides perichondritis auriculse, eczema of the skin surrounding 
the wound must be mentioned as one of the disturbing complica- 
tions arising during the after-treatment. The eczema caused by 
iodoform gauze appears mostly in children and in young females. 
In order to prevent this, the parts around the wound should be 
covered with sterilized boracic acid vaselin; if the discharge is 
profuse, this is repeated at each dressing. When, in spite of this, 
there is still a tendency towards eczema, the iodoform gauze 
should be discontinued and replaced with dermatol, airol, or 
sterilized gauze. As some patients have an idiesyncrasy 
towards iodoform, it is advisable, in most cases, to use plain 
sterile gauze only. When the secretion is foul-smelling, however, 
we may alternate the dressing every few days with iodoform 
gauze, but in no case should it be used continuously. Eczema- 
tous parts heal very rapidly by dusting them with boracic acid 
or dermatol. A disagreeable complication which appears during 
the after-treatment is erysipelas. 

The facial pareses which sometimes arise in the beginning of 
treatment are, as a rule, due to an inflammatory irritation of 
the Fallopian canal and neurilemma of the facial nerve. These 
pareses almost always subside completely after several weeks. 
The prognosis of a facial paralysis which has existed some time 
before the operation is less favourable; still, the author has 
repeatedly seen such a paralysis disappear after the radical 
mastoid operation. 


G. The Prognosis. 

(a) In Respect to Recovery. — The final result of the radical 
operation depends on the extent of the osseous affection in the 
temporal bone, on the general condition of the patient, and on 
the simultaneous intracranial complications. Accordingly, the 
prognosis is more favourable in healthy persons, and in cir- 
cumscribed non- complicated affections in the temporal bone; it 
is less favourable when there is caries and necrosis of the petrous 
bone and labyrinth, in extensive cholesteatoma, and in intra- 
cranial complications. The last mentioned are of special 
importance in this connection, as the appearance of severe 
cerebral symptoms is in itself a vital indication for the radical 
mastoid operation. 

In the uncomplicated cases, the radical operation brings about 
a cure of the middle-ear suppuration in the majority of cases. 
The duration of the after-treatment, until complete epidermiza- 
tion of the wound has taken place, varies from five or six to nine 
months and over. The average duration varies from three to 
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four months. The course of the wound is slow when, in spite 
of a careful operation, circumscribed portions of diseased bone 
remain, which become covered over with granulation tissue, 
thereby preventing epidermization. 

Such wounds, lasting for months, even years, after the radical 
operation, were observed by the author in the middle-ear sup- 
purations following scarlatinal diphtheria, and in tuberculous, 
scrofulous, anaemic, and syphilitic individuals. The cario- 
necrotic parts of bone which become evident during the course 
of the wound appear as small, irregular depressions, or as cir- 
cumscribed, slate-gray islands, which feel rough on probing; 
they are sometimes very extensive, and cannot be detected with 
the naked eye, as they are often completely covered with granula- 
tions, thus preventing epidermization of the wound cavity. 

Superficial, circumscribed, carious portions of bone are some- 
times expelled as small bony fragments, or gradually disappear 
through absorption without a noticeable sequestration. Some- 
times a single or repeated scraping of the profusely secreting 
granulations and the underlying bone is sufficient to bring about 
a healthy granulating surface, which rapidly becomes covered 
with epidermis. 

The transformation of the surface of the wound into a mucous 
membrane covered with a layer of epithelium is one of the rare 
causes preventing epidermization. If one examines micro- 
scopically some of the secretion taken from the surface of the 
wound, one finds cylindrical and squamous epithelium which is 
characteristic of mucous membranes. 

It is not surprising that the aural suppurations persist after 
the radical operation, if we take into consideration that the bone 
affection may extend to parts of the pyramid which cannot be 
removed on account of the danger of injuring the labyrinth and 
facial nerve. The remaining open of the orifice of the tube, or 
caries of the osseous portion of the tube, are also factors which 
aid in keeping up the suppuration in an otherwise successful 
radical operation. 

Extensive cholesteatomata which have a tendency to relapse, 
and parts of which sometimes grow into the bone, also prevent 
complete healing of the wound. In these cases it is seldom 
possible to remove all the diseased tissue. But even when this is 
possible, the later invasion of the epidermis from the meatus 
and the dermoid transformation of the lining of the wound 
cavity cannot be prevented. If such cases are left to themselves, 
a relapse of the cholesteatoma vdthin a certain time can be 
predicted with great probability. In patients who are discharged 
with a smooth, shining, cicatrized wound surface, one often finds, 
after weeks or months, shapeless, crust-like epidermic masses in 
the recesses of the middle ear, or the surface of the wound 
covered with a loosened, lustreless, and moist epidermis, after 
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the removal of which a suppurating, underlying surface, covered 
with granulations, becomes visible. Gases of cholesteatoma, 
which are discharged as cured, must be examined by the physician 
at intervals from four to eight weeks, in order to remove the 
products of desquamation which have gathered. In such cases 
the patients may treat themselves, by frequent irrigations and 
instillations, with peroxide and alcohol (peroxide 6-0, aqua dest., 
spirit, vini rect., aa 25-0). When the desquamation is moist, 
one should introduce a tampon daily until the secretion has 
ceased and the shining cicatricial surface has been restored. 

The formation of cystic spaces which contain a brown, viscid 
fluid under the epidermis of the cicatrized wound is occasionally 
seen after complete epidermization of the wound surface. They 
appear as bluish, circumscribed areas, whose borders are some- 
times indistinct, and often look like the shining sigmoid sinus 
at the posterior part of the cavity. After incising and curetting 
these spaces, a cure is usually obtained. 

(b) In Respect to the Function of the Organ of Hearing. — 
According to the experience gathered at the author’s clinic, 
it may be said in general that in patients in whom there is 
still a considerable amount of hearing, a change for the worse 
generally follows the operation, while, on the other hand, 
in patients in whom the hearing is greatly impaired there 
is often a marked improvement.* The prognosis is unfavourable 
when the Schwabach test is shortened. In a number of cases in 
which some hearing was still present, total deafness developed in 
the operated ear a shorter or longer time after a cured radical 
operation. 

From the cases collected by Hammersclilag (1895-1897) at the author’s 
clinic, in which the radical operation had been performed, it was shown that 
in the majority of cases the hearing is not influenced by the operation, and 
that only in a small percentage of cases a decided improvement, more often, 
however, a change for the worse, is observed. In the majority of cases, 
however, the hearing is diminished, if the labyrinth is simultaneously 
involved. It is, therefore, essential that in eveiy case of chronic otorrhffia 
in which the radical mastoid operation is performed to impress upon the 
patient the possibility of losing his hearing and even of becoming totally deaf. 

The degree of disturbance of hearing after the operation 
depends essentially on the amount and tenseness of the scar 
tissue in the recesses of the labyrinthine windows. If the stapes 
is embedded in a mass of scar tissue filling the recess of the oval 
window, or if the niche of the round window is covered with 

* According to Ruttin, if there is a hearing distance from 
the operation, no change for the worse is to be expected, while if there is a 
greater hearing distance, it is generally reduced to this limit after the radica 
operation. According to his investigations, carried out at the author s chmc, 
the hearing distance also varies in the stage in which the wound cavity becomes 
lined with granulations, and not to any extent in the stage of complc e 
epidermization. 
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'Connective tissue, the hearing will he markedly affected, inas- 
much as these changes act as a hindrance to the propagation of 
sound. In a number of cases a marked improvement in the 
hearing is obtained after a cured radical operation by occasional 
pneumo-massage, and by the introduction of a small ball of 
cotton soaked with liquid vaselin against the fenestra vestibuli 
(ovalis). Several times a decided improvement was observed 
after synechotomy of the crura of the stapes. Finally, the author 
would like to mention that after the radical operation the general 
condition of the patient is often greatly improved, and that at 
times neuroses are greatly benefited (hysteria, chorea). In 
contradistinction to this, we have the observations of Grossmann 
{Zeitschr. f. Ohrenlieilk,, vol. xlix.), who observed the development 
of psychoses (1 : 500) after mastoid operations. The radical 
operation should be undertaken as a last resort, especially in 
those cases in which all local measures have proved of no avail, 
and in which symptoms of labyrinth involvement or signs of a 
meningeal or cerebral complication have become evident. 


Intracranial Diseases of Otitic Origin. 

Introduction. 

Eeference has been made in previous chapters to the danger of 
chronic suppurations of the middle ear extending to the cranial 
cavity and to the sinuses of the dura mater. The thin osseous 
walls, which often contain dehiscences, and which separate the 
purulent middle ear from the dura mater and sigmoid sinus, the 
canals which contain bloodvessels and nerves, and run from the 
temporal bone to the cranial cavity, and the numerous anasto- 
moses of the blood and lymphatic vessels, are the channels by 
which suppurations in the middle ear are conveyed to the cranial 
cavity. 

The parts of the temporal bone through which the suppuration most fre- 
quently perforates towards the cranial cavity (middle cranial fossa) in clrronic 
middle-car suppurations are the tegmen t 3 'mpani and the roof of the mastoid 
antrum. The osseous lamella is either perforated by an aperture the size of a 
phi’s head, or by a number of small openingsin a sieve-lUce manner; or a jagged 
perforation is formed ouing to carious destruction of the larger part of the teg- 
men tjuupani and the roof of the mastoid antrum, through which pus or chole- 
stcatomatous masses force their way from the middle ear into the cranial cavity. 

In other cases perforation takes place at the posterior surface of the petrous 
portion of the temporal bone into the posterior cranial fossa. In such cases 
tile suppuration makes its way tlirough the pneumatic cell-spaces which 
completeb' surround the labjwinthine capsule towards the posterior surface 
of the pj-ramid, and brings about a deep-seated extradural or cerebeUar 
abscess. A fistulous canal sometimes runs from the tjnnpanic cavity behind 
the semicircular canals, and ends, on the posterior surface of the pyramid, 
in a cerebellar abscess. 

The paths bj' which the middle-ear suppuration can extend to the cranial 
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cavity are: the canalis petroso-inastoideus, which is not always ohhterated, 
the canalis facialis, the two labyrinthine windows with the aquajductus 
vestibuli, and the nerve canals running from the cochlea into the internal 
auditory canal. 

Finally, the suppuration may extend, with or without carious perforation 
of the osseous wall, to the sigmoid sinus, less often to the superior and inferior 
petrosal sinuses, and to the bulbus venae jugularis, causing a fatal sinus phlebitis. 

Labyrinthine suppuration is one of the most frequent causes 
of intracranial complications arising from the temporal bone; 
its significance in otitic meningitis and brain abscess will be 
discussed in the following paragraphs. 


Labyrinthine Suppurations, • 

During the last few years our knowledge of labyrinthine 
suppurations has been greatly augmented by innumerable 
anatomical, pathological, and clinical investigations, so that 
we are now better able to combat these dangerous middle-ear 
complications. Jansen deserves the credit, based on clinical 
and operative experience, of having called attention to these 
conditions, which are of such vital importance in otological 
practice {Archivfiir OhrenlieilJc., vol. xlv.). 

The purulent labyrinthine inflammation arising in the course 
of an acute middle-ear suppuration is observed more often in the 
scarlatinal- diphtheritic than in the primary otitis. 

Eupture of the pus into the labyrinth during an acute middle- 
ear suppuration takes place most frequently through the fenestra 
vestibuli (Jansen), less often through the fenestra cochlese 
(Friedrich), or through a fistula in the horizontal semicircular 
canal, Eupture through the labyrinthine windows produces an 
empyema of the labyrinth; when there is an acute fistular 
formation in the semicircular canal, the labyrinthine inflamma- 
tion may, as observations at the author’s clinic have shown, 
remain localized in the region of the fistula. 

There is no doubt, however, that in cases in which there is 
no direct rupture of the pus into the labyrinth, an inflammatory 
affection may be produced in the labyrinth (the labyrinthitis 
serosa described by Alexander, Archiv /. Ohrenlieillc., vol. Ixviii.) 
by the invasion of micro-organisms, or toxic infection, the 
symptoms of which correspond to those of a labyrinthine sup- 
puration, which has been brought about by the breaking through 
of the pus. This is shown by those cured cases in which the 
hearing soon returned to normal after the labyrinthine symptoms 
had disappeared. The labyrinthine suppuration arising during 
a primary otitis is a rare affection. It is more frequent in scar a- 
tinal diphtheria, with or without a middle-ear suppuration, an 
is that form which is so important in producing deaf-mutism. 

Suppurative infection of the labyrinth occurs much more o en 
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in the chronic middle-ear suppurations. In these cases, it is in 
particular the cholesteatoma (Kiimmel), the tubercular middle- 
ear suppurations, and the sepsis brought about by the pus reten- 
tion in neglected cases, which lead to rupture of the lab 5 uinthine 
capsule. 

The places of rupture are: (1) The fenestra vestibuli; (2) the 
fenestra cochleae; (3) fistulae in the horizontal, less often in the 
posterior semicircular canal; and (4) fistulous perforations in the 
promontory wall. 

Of these, fistulae in the horizontal (external) semicircular 
canal and of the fenestra vestibuli were most often observed; 
still, as the pathological-anatomical investigations of the author 
show, destruction of the fenestra cochleae occurs more often than 
was formerly supposed, a condition which was also confirmed by 
Lange at Passow’s clinic. 

A suppurative infection of the labyrinth by way of the facial canal (Grunert 
and Dallman) is just as rare as rupture of the pus into the labyrinth from 
an extradural abscess (Jansen, Habermann). Gradenigo reports the extension 
of the suppuration through the hiatus subarcuatus. 

Labyrinthine suppurations are divided into circumscribed and 
diffuse. The former are localized most frequently in the hori- 
zontal semicircular canal, less often in the cochlea. Cir- 
cumscribed inflammations of the labyrinth may, however, 
become diffuse by spreading over the entire labyrinth after an 
acute exacerbation of a middle-ear suppuration, or after operative 
measures (polyp extraction, radical mastcfid operation). 

Pathological Changes in Labyrinthine Suppuration. 

The pathological anatomy of labyrinthine suppuration was 
enriched during the last decade by numerous interesting findings, 
which have been extensively reported bj’’ many authors, and 
especially by Manasse, Habermann, Pause, Friedrich, Alexander, 
Brieger, Goerke, Scheibe, Lange, and others.* 

During the last years, the abundant material at the author’s 
clinic gave him excellent opportunities to study the pathology 
of labyrinthine suppuration. The important data of his findings 
are briefly'' as follows: 

The changes in tlie mucous membrane of the middle ear occurring in these 
processes arc described on p. 377 of this text-book, and in the Archiv f. 
Ohrenlieilh., vol. Ixv. Ruttin (^Archiv f. OJirenheilh., vol. Ixxii.) gives a 


* In the older literature avc find mention of onty a few cases of labyrinthine 
suppuration, as, for instance, in Itard’s Traite des 7mladies de Voreille et de 
Vmtdilio)}, 1821; Alex. Platner, De aurihus defeefivis, Piss, hiang., 1838; 
Toynbee. Krankh. d. Geftororgan, in German, by Moos, 1863, p. 381. Compare 
Politzer, Gc^chichfc d. OhrenheiU:., vol. i., p. 421, and Archiv f. OhrenliciU:., 
vol. Ixv. 
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detailed description of cyst formations which often appear in the mucous 
membrane. 

The changes in the labyrinthine capsule, and in the spongy tissue sur- 
rounding it, are most strikingly seen in the promontory wall. It appears 
denuded on its lateral side (Fig. 261, er), or destroyed to a small remnant, 
displaced and embedded in the thickened mucous membrane, or perforated bj' 
fistulm at one or more places. 



Fia. 261. — Feom a Woman, 40 Years oe Age, who had a Bight-sided, 
Chronic, Fcetid, Middle-Ear Suprhration since Childhood. 

Headache, moderate fever, total destruction of the membrana tjunpani ; Weber to 
the left; Schwabach shortened. Deafness for speech. Death through meningitis. 
Section through the tympanic cavity and vestibule, nt, Masses of granulations 
filling the niche of the fenestra vestibuli; 5/,, The remains of the stapes embedded 
in the granulations; pr, The denuded promontoiy; pr', A fragment of the 
promontory in the hypertrophied mucous membrane; nr, Granulation masses 
forcing their way through the destroyed membrana fenestra cochlea! into the 
vestibule; Is, Beguming of the lamina spiralis which has been perforated; 
p, Purulent exudate and pigment patches in the vestibule; /, Facial canal which 
has been opened by destruction, through the formation of lacunte. 


The bone in the neighbourhood of a fistula of the semicircular canals always 
shows inflammatory changes. The fistula itself is covered with granula,tions 
or cholesteatoma. The semicircular canal contains pus or granulation 
which is confined to the region of the fistula, or communicates with diffuse 
granulations in the labyrinthine cavity. The statements of Friecfiich that the 
fistular formation can also take place from within the semicircular canal 
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outwards, can be verified the case observed by the author, in which the 
superior semicircular canal was perforated at its cupula by way of the 
rinthine cavity, and caused an abscess of the temporal lobe, which ran a fatal 
course. Frequently the horizontal portion of the facial canal is also destroyed 
to a varying extent. , . j- 

Isolated areas of destruction in the capsule of the cochlea, and in the adja- 
cent spongy tissue, have frequently been found by the author as irregular 
cavities, wliich were bounded b3' denuded borders (Fig. 202, la and la , and 
Fig. 263, Z, I'), and which contained spindle-cellcd connective tissue grouped 
around a large bloodvessel. 



Fro. 262. — Sectiok through the Cochlea and Internal Meatus or 

THE Same Case. 

mo. Upper remnant of the destroyed modiolus; ex', ex" , Pimilent exudate in the 
first turn of the cochlea; pe, Fibrillar tissue in the upper turn of the cochlea, 
infiltrated with pigment; na. Normal portion of the acoustie nerve; ex, Peripheral 
portioii of the auditory nerve which has been destroj'ed by the suppuration, and 
which is bounded by a line of demarcation from the central portion; la, la', A 
ragged bony defect in the spongy layer of the labyrinthine cajisule, brought about 
by destruction through the formation of lacuna;. 


Extensive loss of tissue is found in both labyrinthine windows. The 
annular ligament of the foot-plate of the stapes is perforated here and there, 
or destroyed entirely; the crura are broken, and the foot-plate is partly gone, 
being embedded in exudate or hypertrophied mucous membrane and dis- 
located, and, as in one case, pressed against the medial wall of the vestibule 
by granulations wliich forced their way into the vestibule. 

The membrane of the fenestra cochlese is found covered with hypertrophied. 
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cystic mucous membrane, tliickened, broken tiirougli, or entirely absent 
(Fig. 261, nr). 

The ehanges in the interior of the labyrinth were varied. Sometimes only 
a slight layer of exudate was visible on the inner surface of the foot plate of 
the stapes. More often, however, the greater part of the vestibule and the 
semicircular canals was filled with pus, a hmmorrhagic exudate, or with a 
vascular granulation tissue, which was already organized in parts, and which 
was in communication with the hypertrophied mucous membrane of the 



Fig. 263. — ^Left-sided Chkonic Middle-Ear and Labyrinthine Suppura- 
tion IN A Person 17 Years of Age. Section through the Cochlea 
and the Peripheral Part of the Internal Meatus. 

me, Peripheral part of the acoustic nerve, which has been destro 3 ^ed and 

granulation tissue; mo. Destroyed basilar portion of the modiolus filled va 
granulation tissue; co, co' , First turn of the cochlea, containing pus and granula- 
tion tissue, and irregularly u’idened through absorption of the bone; co , co , 
Axial portion of the cochlea still preserved in the second and last turns; ’ 

Purulent exudate in the second turn of the cochlea; I, V, I", A loss of , 

in the labyrinthine capsule brought about by absorption through the foimati 
lacume. 


tympanic cavity through the window of the vestibule or cochlea, or throug 
a fistula in the promontory wall. Cholesteatoma in the middle ear sometime 
forces its way into the labyrinthine cavity. , , , 

In the cochlea, a purulent exudate is found between the membrane o_ 
fenestra cochlem and the beginning of the lamina spiralis. The lamma spiii 
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is tluckened or perforated (Fig. 2G2. cx, cP, and Fig. 2G3, c c'). The jaU 
of the cochlear canal and the lamina spiralis arc covered with a purulent or 
hiemorrhagic, pigmented exudate, or entirely filled with it. 

Extensive changes sometimes develop in the interior of the labyrinth 
tliroudi destruction of the bony walls, which starts in the la,byrinthino ca^ty. 
The osseous mass which separates the semicircular canals is destroyed in 
such a manner that it forms, with the vestibule winch has become enlarged 
through absorption, a large cavity, which is filled with pus and granulations. 



Fig. 264;.— Section theough the Cochlea op an IS-year-old Person, 
WHO HAD A Chronic Middle - Ear Suppuration. Death from 
Meningitis. 

Section through the lower part of the cochlea, which has entirely been destroyed and 
replaced by granulation tissue, h, b'; co. Remnant of the basilar turn of the 
cochlea; mo, Remnant of the modiolus; c. New-formed bony ridges at the 
periphery of the cavity; bi, The small-cell, infiltrated, central part of the acoustic 
nerve; na, Peripheral part of the auditory nerve, which has been replaced by 
granulation tissue. Total deafness. (The result of the hearing tests, given in 
the Archivfiir OJirenheilk., vol. Ixv., 2i. 167, is not correct.) 


and the borders of which extend to the thinned surface of the pyramid. The 
waUs of this cavity are formed by numerous small, new-formed ridges, in 
which an osteoblastic elevation is visible. 

Similar loss of substance by absorption is observed in the capsule of the 
cochlea and in the modiolus. The destruction advances here so far that 
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only a small ridge of one of the turns and a small fragment of the modiolus 
of the cochlea remain in the cavity, which is formed by the destructive process, 
and which is fiUed vdth pus and masses of granulation (Fig. 264, co). 

Through destraction of the first turn of the cochlea and the tractus spiralis 
foraminulentus, the pus works its way into the internal auditory canal. When 
the base of the cochlea appears intact, the pus goes along the sheaths of the 
nerve into the internal meatus. Its peripheral end appears considerably 
enlarged through destruction of its bony walls, and is in communication 
with the space in the cochlea Avhich has been formed by the destruction of the 
modiolus (Fig. 262, mo ; and Fig. 263, mo). 

The auditory nerve is infiltrated with pus at its peripheral part, contains a 
hsemorrhagic exudate, or is displaced by the formation of coimective tissue. 
Several times the peripheral part of the nerve, infiltrated with pus, was sharply 
defined from the central portion by a distinct line of demarcation (Fig. 262, 
ex). Infiltration, decomposition, and fatty degeneration were also observed 
in the branches of the auditory nerve, in the cochlea, and in the ganghon 
spirale. 

In the canalis cochlearis, Reissner’s membrane was covered with exudate, 
and Corti’s membrane was destroyed, Corti’s organ was always so changed 
that the parts could no longer be distinguished histologically. Where the 
sequestrated labyrinth was removed by operative measures, the cavity thus 
formed was filled up with fibrous connective tissue.* 

Symptoms. — Labyrinthine suppuration develops in acute otitis, 
especially in the primary forms, with active, violent symptoms. 
In chronic middle-ear suppurations, it often exists in a latent 
state without symptoms. During an acute exacerbation of the 
chronic middle-ear suppuration, however, violent symptoms rnay 
suddenly arise. The symptoms of acute labyrinthine suppuration 
become manifest as an irritation, or impairment of the nerve 
apparatus. The symptoms of irritation arising from the 
vestibular apparatus are characterized by dizziness, spontaneous 
nystagmus, disturbances in equilibrium, and occasional vomiting, 
while those from the cochlear apparatus become evident through 
subjective noises. The disturbance in hearing arising with 
symptoms of irritation rarely appears suddenly, but develops 
more or less rapidly, reaching a marked degree of hardness of 
hearing up to total deafness. 

Violent labyrinthine symptoms arising during the course of 
chronic middle-ear suppurations are observed when the pus 
ruptures into the labyrinth spontaneously, after intratympanic 
operative measures, or as a result of injury to the labyrinth. 
The symptoms, which are very severe at first, subside in their 
intensity, in acute as well as in chronic middle-ear suppura- 
tions, during the further course of the affection, in that the 
dizziness, nystagmus, and subjective noises disappear, and the 
existence of a labyrinthine suppuration can be established only 
by a careful functional examination. Of' the symptoms, the 
m'arked dizziness, subjective noises, and the spontaneous 
nystagmus are the first to disappear, while the disturbances m 

* Cp. LahyrinthheJ. bei. chron. Hittelohreiterungen. ArcMv fur Oliren- 
lieilk., vol. Ixv. 
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equilibrium, especially with closed eyes, and jumping on one leg 
(v. Stein, Oongres de Bordeaux, 1904) and the abnormal unsteadi- 
ness in gait (called by v. Stein ‘ Ichonogramme ’) continue.* _ In 
the great number of chronic oases observed at the author’s clinic, 
in which the autopsy usually revealed a diffuse labyrinthine 
suppm-ation, there were seldom violent labyrinthine symptoms 
at the time the patient was admitted, but only_ disturbances in 
equilibrium and slight nystagmus, which were elicited by careful 
examination. It often happened that there were no subjective 
symptoms, except a marked degree of hardness of hearing or 
deafness. When, during further observation of the patient, 
post-operative symptoms arose, they were soon overshadowed 
by the more prominent symptoms of a beginning meningitis. 
In the diffuse labyrinthine suppuration which leads to total 
destruction of the labyrinth, symptoms of irritation arising from 
here were usually absent. Still, dizziness and disturbances in 
equilibrium may persist in spite of total destruction of the 
internal ear, as the observations of Hinsberg, Barnick, ICorner, 
and others show. 

Of the labyrinthine symptoms, special attention must be paid 
to the nystagmus. Its various forms may change during the 
time that the patient is under observation. Thus, a horizontal 
nystagmus may change over into one of rotation and oscillation. 
Spontaneous nystagmus occurs in every form of labyrinthine 
suppuration, but more frequently, however, in the acute form, 
iis a rule, it appears only when looking towards the healthy side. 

The nystagmus produced by rapidly rotating the body sometimes sho^ys, in 
unilateral labyrinthine suppuration, a change from the normal (Wanner). 
Still, as Kxotoschiner has demonstrated, a physiological nystagmus can also 
be observed -with labyrinthine suppuration. Rotatory dizziness is seldom 
produced in labyrinthine suppurations, v. Stein is supposed never to have 
observed it in unilateral affection. According to Scheibo and Brieger, 
nystagmus is absent in tubercular labyrinthine suppuration. 

The disturbance in hearing, which is accompanied by active 
labyrinthine symptoms, attains a high degree within a few days 
in the acute cases, even if the circumscribed inflammation is 
localized in the region of the fistula. Diffuse suppuration, 
extending over the entire cochlea, is associated with total deaf- 
ness. The functional examination shows a loss of perception 
for the tick of the watch placed against the temporal region on 
the side of the diseased ear, lateralization of the tuning-fork 
towards the opposite side, a shortened Schwabach, and total 
deafness for speech. 

In cases of chronic labyrinthine suppuration in which there 
are circumscribed areas of_ inflammation in the labyrinth, there 
may still be some perception by air conduction, perception for 

* Cp. Herzfeld, Berlhier Uin. Woclienschr., 1901, No. 35. 
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speech to a varying degree, and Weber may be lateralized towards 
the diseased ear with a simultaneous shortened Schwabach. 
The last symptom was found in quite a number of cases observed 
at the author’s clinic in w^hich there was total deafness for speech. 
The deafness for speech is, however, no indication of total deaf- 
ness, as the tone of the tuning-fork may still be perceived by 
air conduction in some instances. An absence of perception for 
the tuning-fork is indicative of total deafness. 

The temperature, even in the acute cases, seldom reaches 
above 38° to 38-4° 0, (100-5° to 101-1° E.). In the latent chronic 
labyrinthine suppurations it is usually absent. Higher eleva- 
tions of temperature up to 40° G. (104° F.) are indicative of a 
beginning intracranial complication. 

To the symptoms of labyrinthine suppuration' which are also 
of diagnostic importance we must add the appearance or absence 
of symptoms of labyrinthine irritation brought about by con- 
densation or rarefaction of the air in the external meatus, or by 
thermic irritation. 

If dizziness and nystagmus are produced by condensation of 
the air in the external meatus (p. 137), we know that the vestibular 
apparatus is capable of being stimulated. This has been termed 
the ‘ fistular symptom.’ This symptom can, however, also be 
elicited without the presence of a labyrinthine fistula by increased 
pressure on the labyrinthine windows. An absence of the 
vestibular symptoms of irritation during this test does not by 
any means allow one to assume that the vestibular apparatus is 
destroyed. 

We are better able to ascertain the capability of stimulating the 
vestibular apparatus by the injection of cool and warm (above 
the body temperature) water into the meatus (see p. 89), as 
suggested by Barany {loc, cit.). If, during these manipulations, 
in which the thermic irritation acts upon the promontory wall, 
dizziness and nystagmus are produced, we can assume with 
certainty that the vestibular aj)paratus still responds to irritation; 
if these symptoms do not arise, it can be assumed with great 
probability that the vestibular apparatus is totally or partially 
destroyed, as Barany’s experiments carried out at the author s 
clinic have shown. An analogous result is obtained when testing 
with the galvanic current by means of the voltaic alternatives 
(see chapter on Neurosis of the Acoustic Apparatus). 

Course and Terminations. — The labyrinthine suppuration 
complicating an acute otitis may, as cases of Scheibe and others 
show, end with a fatal basilar meningitis through extension of 
the process from the cochlea to the internal auditory canal. A 
cure with a restitution of the hearing power has been ppeatedly 
observed. Three typical cases at the author’s clinic, in which a 
fistula in the horizontal semicircular canal was found after the 
mastoid and antrum had been freely laid open, recovered com- 
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pletely. In the scarlatinal-diphtheritic panotitis, less often in 
the primary foi'ins, marked hardness of hearing or deafness 
remains as a result of connective tissue and bone formations. 
Labyrinthine suppuration not infrequently ends in caries, 
necrosis, and sequestration of the labyrinth, and mainly in the 
scarlatinal- diphtheritic forms; this, as a rule, takes place only 
in the chronic stage of the middle-ear suppuration. 

The course of the labyrinthine suppuration in the chronic 
middle-ear processes is, in contrast to the violent character of the 
acute form, a more protracted one. Striking labyrinthine symp- 
toms arise during an acute exacerbation of the middle-ear sup- 
puration or after operative manipulations in the ear (polypi 
extraction). 

Sometimes, only from the history of the case, are we able to 
obtain data which show that the labyrinthine symptoms are of 
recent origin and just beginning to develop. In the chronic 
forms there may be a spontaneous recovery through the new 
formation of connective tissue, which prevents the pus from 
entering the cranial cavity. This termination — most frequently 
observed in the scarlatinal-diphtheritic, less often in the tuber- 
cular middle-ear suppurations — ^is, however, brought about only 
through favourable local (free discharge of the secretion) and 
constitutional conditions. 

In many cases, chronic labyrinthine suppuration ends fatally, 
o^ving to a cerebral complication. Death results most frequently 
from a meningitis purulenta or serosa (Jansen), owing to the 
extension of the suppuration in the cochlea through the internal 
meatus. The next most frequent cerebral complications are 
cerebellar abscesses (Neumann, Okada), and the temporal lobe 
abscesses, brought about by a fistulous perforation of the superior 
semicircular canal (Politzer, Hinsberg, Alexander). Combina- 
tions of labyrinthine suppuration with meningitis and cerebellar 
abscess, or sinus thrombosis, have been frequently reported. In 
a case at the author’s clinic recovery took place after the operative 
removal of the necrotic sequestrated labyrinth through oblitera- 
tion of the loss of substance by the formation of connective tissue; 
yet several months later death ensued in consequence of a 
tubercular meningitis. 

To the rare cerebral complications arising from the lab3uinth, we must add 
that form of suppuration which is transmitted from the vestibule to the 
aquffiductus vestibuli and its intradural sac, and ■which may end fatally through 
a meningitis purulenta or serosa (Jansen) and cerebellar abscess. According 
to Friedrich, infection of the cranial cavity can also be brought about by 
extension of the suppuration through the aquseductus cochleae. 

Diagnosis. — The diagnosis of acute labyrinthine suppuration 
is difficult, as other changes in the labyrinth, which also have 
the power of subsiding, can produce the same symptoms. When 
distinct cerebral symptoms are absent, we can conclude with 



56 o 


DISEASES OF THE EAR 


probability that there is an acute labyrinthine suppuration only 
when the above-described labj^rinthine symptom-complex is 
taken in connection with the positive result of the functional 
examination. The diagnosis becomes more probable if labyrin- 
thine symptoms, with progressive hardness of hearing or marked 
deafness, develop while the patient is under observation. An 
important diagnostic symj)tom of a developed labyrinthine affec- 
tion is the lateralization of the tuning-fork towards the better- 
hearing ear, when the previous examination showed a lateraliza- 
tion towards the diseased ear. 

The diagnosis of chronic labyrinthine suppuration is often 
confronted with difficulties. Labyrinthine symptoms alone do 
not justify the assumption of localized suppuration in the 
labyrinth, because marked labyrinthine symptoms may also be 
produced by a temporary labyrinthine irritation arising from the 
middle ear. In a like manner, too much reliance cannot be 
placed on the complete deafness of the diseased ear in making a 
diagnosis, because, as Kiimmel correctly states, such a deafness 
may have been produced by other secondary changes in the 
labyrinth which have previously existed. 

The diagnosis of chronic labyrinthine suppuration can be made 
with certainty from the labyrinthine symptoms if taken in con- 
junction with the objective result of the functional examination 
of the vestibular and cochlear apparatus, and with the anatomical 
conditions found at the radical operation. 

The diagnosis is made with more probability if, after excluding 
a cerebral complication, the functional examination reveals total 
deafness, lateralization of the Weber test towards the opposite 
side, a shortened Schwabach, in addition to marked labyrinthine 
symptoms. The author considers the Schwabach test of special 
diagnostic value. The statements of the patient of former 
attacks of dizziness, nausea, and disturbances in equilibrium, 
substantiate the diagnosis. This is made absolutely certain if, 
in addition to the results of examination described above, a 
carious area or fistula is found at the semicircular canal or at 
another part of the labyrinth when performing the radical 
mastoid operation. 

Although it is possible, in a number of cases, to positively 
establish the diagnosis of a labyrinthine suppuration, yet actual 
data are still lacking, which would indicate, in eases in which there 
are no apparent symptoms, that a rupture of the pus in the cochlea 
into the internal meatus has taken place. That such ruptures can 
exist a long time prior to the meningeal infection can be seen 
from several anatomical conditions found by the author {Arcinv 
fiir Ohrenlieilk., vol. Ixv.), in which there was, in addition to the 
carious perforation of the base of the cochlea,^a destruction or 
the compact bony wall of the internal meatus due to the 
formation of lacunse, with a demarcated suppuration of the 
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peripheral end of the auditory nerve; these conditions are of 
great importance in establishing the indications of an operative 
opening up of the labyrinth. 

The differential diagnosis between acute labyrinthine suppura- 
tion and other non-suppurative conditions which run their course 
with labyrinthine symptoms, and are capable of subsiding 
(hyperemia, increased labyrinthine pressure, para-labyrinthitis, 
V. Stein; labyrinthitis serosa of Alexander), is very difficult in 
the active stage, and can often be decided only during the 
observation of the patient after the symptoms of irritation have 
passed away. Hinsberg reports a case of middle-ear catarrh, in 
which the symptoms of an acute labyrinthine suppuration 
disappeared twenty-four hours after paracentesis. We must add 
here the symptoms occurring with cholesteatoma, which simulate 
those of a labyrinthine suppuration, and which disappear after 
removal of the epidermic masses from the middle ear,* and also 
the marked temporary labyrinthine symptoms which arise during 
the course of an acute otitis media (Riou-Kerangal, Hinsberg). 

The differential diagnosis is rendered difficult in some cases 
between a labyrinthine suppuration and cerebellar abscess, 
especially as the latter is often caused by the labyrinthine 
process. The statements of Kdrner that disturbances in equi- 
librium are very rare with cerebellar abscesses cannot be cor- 
roborated by the author. 

Spontaneous nystagmus is of vast importance in the differential 
diagnosis between labyrinthine suppuration and brain abscess, 
for experience shows that this is produced when the patient 
looks towards the healthy side in labyrinthine suppuration, 
towards both sides in cerebellar abscesses, and sometimes more 
marked towards the affected side in the latter disease. According 
to Neumann, one may conclude that there is a cerebellar abscess 
if the nystagmus which is at first elicited when the patient looks 
towards the healthy side changes over to a nystagmus tov/ards 
the affected side, or if after opening up the labyrinth the nystag- 
mus still continues for some time. According to Alexander 
{Monat. fur Olirenlieilk., 1906), an intensive, horizontal, spon- 
taneous nystagmus and disturbances in equilibrium point 
towards a cerebellar abscess. In reference to the disturbances 
in equilibrium, the cases examined by Alexander at the author’s 
clinic show that in unilateral labyrinthine affection the patient 
is more inclined to fall towards the healthy side, while in cerebellar 
abscess he has a tendency to fall towards the diseased side. As 
an important symptom in the differential diagnosis, we must 
mention the choked disc which is observed with cerebellar 
abscesses, and Avhich is absent in labyrinthine suppuration. 
The symptom-complex observed by Adler (Arcliiv fiir Ohrenlieilk., 

* Cp. Politzer, Wiener med, Woclmischrift, 1891 ; Hennebert, Arch, intner. 
d. laryngologie, 1907, No. 1. 
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vol. whereby dizziness, vomiting, and occasionally an 

acceleration of the pulse are produced in labyrinthine affections 
when the patient is placed on the affected side, and, on the other 
hand, in cerebellar abscesses, when the patient is placed on the 
healthy side, could be confirmed in a number of cases at the 
author’s clinic. 

The differential diagnosis is also rendered difficult at times 
between labyrinthine suppuration and meningitis if the latter 
takes its origin from the labyrinth, and if the purulent infection 
of the meninges which is produced without marked symptoms 
becomes localized at a circumscribed area in the posterior cranial 
cavity. In such a case, only the lumbar puncture establishes the 
diagnosis (see chapter on Meningitis). It is only when a rise 
in temperature, marked headache, vomiting, and contraction 
of the muscles of the neck arise in conjunction with the laby- 
rinthine symptoms that the diagnosis of meningitis is established. 
According to Friedrich, the nystagmus and disturbances in equi- 
librium arising at the beginning of a meningitis indicate that 
the inflammation of the meninges has taken its origin from the 
labyrinth. 

Prognosis. — The prognosis of an acute labyrinthine suppura- 
sion arising from the middle ear is not unfavourable. Many 
cases recover with a return of the hearing function. That form 
of labyrinthine suppuration described by the author under the 
term of panotitis (see Affections of the Labyrinth) and the 
scarlatinal- diphtheritic middle-ear processes running their course 
with necrosis and sequestration of the labyrinth often recover 
with total deafness. In the chronic forms, the prognosis is most 
unfavourable in the tubercular purulent processes, and in the 
infectious middle-ear suppurations associated with cholesteatoma. 
Brieger and Herzog report recovery in cases of tubercular 
labyrinthine suppurations (Deutsche!' Otologentag, 1906). The 
experiences at the author’s clinic are unfavourable, in so far that 
even those cases which have stood the labyrinthine operation 
well, died later of phthisis or a tubercular meningitis. _ The 
result obtained by operative measures is more favourable if, at 
the time of the operation, no labyrinthine symptoms are present. 

Of the defects found in the bony labyrinth when opening up 
the middle-ear spaces, the fistulas in the horizontal semicircular 
canal offer the most favourable prognosis, in so far as an in- 
flammatory area often develops in the semicircular canal before 
the formation of the fistula, which leads to the formation of a 
wall of granulation tissue and to closure of the semicircular canal, 
whereby the extension of the pus towards the vestibule is 
prevented after the fistula has formed. The apjiearance of pus 
in the fistulous opening, or the invasion of cholesteatoma m o 
the interior of the semicircular canal, with a simultaneous 
deafness, renders the prognosis more unfavourable. The prog- 
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nosis is, furthermore, unfavourable in an established perforation 
of the promontory wall, which, with a simultaneous deafness, 
must be looked upon as a sure sign of a diffuse labyrinthine 
suppuration, and in which, as already mentioned, the destructive 
process not infrequently extends to the peripheral part of the 
internal meatus and to the auditory nerve. The extensive 
changes in this part of the labyrinth, already described (p. 551), 
illustrate the fact, confirmed by all observers, that the majority 
of cases of otitic meningitis ending fatally take their origin 
from the cochlea. According to Alexander {Zeitschr. fur Oliren- 
heilk., 1908), the meningitis produced by suppurations of the 
labyrinth runs a more favourable course than the otitic menin- 
gitis brought about by other causes. 

Treatment. — The difficulty of the diagnosis, the full know- 
ledge of the absolute loss of hearing which is still at hand, after 
an operative measure on the labyrinth, and the meningitis which 
not infrequently arises after such an operation, are the reasons 
why opinions differ so greatly as to the therapeutic measures to 
be used in suppurations of the labyrinth. 

From the fact that the active labyrinthine symptoms arising 
during the course of an acute otitis are not always caused by 
suppurative infection of the labyrinth, but may be brought about 
by other changes which are capable of subsiding with more or 
less restoration of the hearing, are the reasons why an operative 
interference on the labyrinth in an acute otitis is out of the 
question, and only the free opening up of the antrum to relieve 
the pressure on the labyrinth is in place. Only in cases in which- 
a labyrinthine suppuration has been positively diagnosed, and in 
which marked initial symptoms of a meningeal affection are 
present, and lumbar puncture gives a positive result, is one 
justified to proceed to the operative opening of the suppurative 
process in the labyrinth. 

The indications for the operative treatment of chronic labyrin- 
thine suppurations are as yet very vague. Many clinical and 
anatomical observations are still necessary to enable us to 
establish more exact indications for an operative procedure. 
While some advocate a conservative treatment when there are 
not urgent indications for the opening up of the middle spaces, 
and point to the fact that a post-operative meningitis often arises 
after the radical operation in cases in which a labyrinthine 
suppuration has been diagnosed (Heine, Manasse, Friedrich), 
others call attention to the cerebral complications which are 
brought about by labyrinthine suppurations, and which can be 
prevented in ruany cases by opening up the purulent, diseased 
labyrinth. This radical point of view is justly assumed hy 
Kurumel, Hinsberg (loc. cit.), and others. The author also 
considers the opening up or eradication of the diffusely diseased 
abyiinth a measure to be employed only as a last resort, as it 
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is usually associated with a certain amount of danger in causing 
the infection to spread, giving rise to a fatal meningitis or some 
cerebral complication. 

When establishing the indications for an operative procedure 
on the labyrinth, one must consider the follo'wing : (1) The 
symptom-complex causing the labyrinthine suppuration; (2) the 
degree of loss of hearing and the amount of disturbance in 
equilibrium and co-ordination; (3) the existence of cerebral 
complications; and (4) the conditions found at the labyrinth 
during the radical mastoid operation. 

1. Labyrinthine symptoms, in which there is still some 
hearing power for speech, and in which the power of stimulating 
the vestibular apparatus is still preserved, contra-indicate the 
opening up of the labyrinth, even if a fistula is found in the semi- 
circular canal, as in such cases there is a possibility of a post- 
operative meningitis. 

2. Labyrinthine symptoms, Avith complete deafness and non- 
irritability of the labyrinth, indicate, especially with chole- 
steatoma and tuberculosis, the opening up of the labyrinth, 
regardless of whether a defect in the bony labyrinthine capsule 
is or is not found at the time of the operation. These are the 
cases in Avhich a continuance of the labyrinthine suppuration 
may lead to a meningitis, and in Avhich the radical operation is 
the only hope of preventing this occurrence. In addition, it 
must also be remembered that the continuance of the labyrin- 
thine suppuration prevents the epidermization of the wound 
cavity after the radical operation. Considering the fear of a 
meningitis which may be brought about by the labyrinthine 
suppuration, one must not mind the loss of the slight hearing 
power which is still at hand as a result of the operation, because, 
as the observations of Alexander and Freytag shoAV, the hearing 
distance, Avhich is still found to be present to a certain degree, not 
infrequently gradually disappears entirely after a healed radical 
operation. 

3. Caries of the labyrintlq which has been established before 
the operation, and vdiich is associated with facial paralysis, 
indicates the opening up of the labyrinth. 

4. Symptoms of a meningeal irritation arising after the radical 
operation indicate the immediate opening up of the labyrinth. 

5. Symptoms of a cerebral complication create an urgent Autal 
indication for opening up the labyrinth (Jansen). 

The surgical procedure of opening up the labyrinth is governed by the 
local conditions found at the labyrinth at the time of the radical mastoi 
operation, .and by the symptom-complex which existed prior to the operation 
— that is, whether symptoms of a cerebral complication are present or not. 

If one finds, -with a still considerable degree of hearing power and uj’, 
bUity of the labyrinth, a fistula in the semicircular canal at the feme of 
radical mastoid operation, one should not venture to curette this, because y 
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doing so the protective wall existing in the semicircular canal is destroyed, and 
the circumscribed labyrinthitis becomes a diffuse one. An exception to this 
is found in those cases in which cholesteatoma grows into the semicircular 
canal, M'hereupon the canal must he opened up and cleaned out until the 
liquor flows off. Voss {Deutscher Olologentag, 1906) reports a case of clironic 
middle-ear suppuration with cerebral symptoms, in which recovery took 
place after opening up the labyrinth, and after a profuse discharge of cerebro- 
spinal fluid from the semicircular canal and vestibule. 

If, in addition to a fistula in the semicircular canal, the fenestra vestibuli 
is also open, or a fistulous perforation is found on the promontory wall by 
carefuUj'^ probing, and there are no dangerous symptoms prior to the radical 
operation, it is best to remove the promontory wall piecemeal with the smallest 
sharp spoon, pressing from within out, thereby establishing an opening in 
the labyrinth, which drains well towards the tympanic cavity, and makes it 
possible for the parts to heal by the formation of granulations and connective 
tissue. Curetting the labyrinthine cavity seems, however, a serious step to 
the author, for the reason that in case there is already a perforation between 
the cochlea and the internal meatus, wliich presents no symptoms, the exten- 
sion of the suppuration from the peripheral part of the acoustic nerve along 
the fibres of its central part towards the cranial cavity may be brought about. 
Only when careful probing of the labyrinthine cavity reveals the sequestrated 
modiolus should it be removed. 

While probing, as weU as during the operation in which the labyrinth is 
opened on its medial side, one must be careful not to injure the facial nerve. 

Bourguet (cited by Hinsberg) states in his praiseworthy paper* that the 
distance between the horizontal part of the facial canal and the fenestra 
vestibuli is 3 mm., while the lateral part of the horizontal semicircular canal, 
which sometimes lies above and sometunes behind the facial canal, shows a 
variation in distance from 1 to 3 mm. The distance between the cochlea and 
tlie carotid canal varies from 1 to 4 mm. In order to protect the facial nerve, 
Bourguet devised a protector {protectetir facial), which is recommended by 
Hinsberg as being very serviceable. The author is decidedly opposed to the 
use of burrs in the operation on the labyninth (Jansen, Hinsberg), as they 
are never as safe as when operating with the chisel. 

All operations on the labyrinth must be preceded by a thorough 
cleaning out of all the diseased tissue in the mastoid process and 
middle-ear spaces; in other words, we must first perform a 
complete radical mastoid operation. The method to be employed 
in opening the labyrinth depends on the conditions found at the 
time of the mastoid operation. Those most universally used are 
the Jansen, Hinsberg, Neumann, and Eichards methods, depend- 
ing on whether the labyrinth cavity should be opened from the 
lateral or medial side. 

Jansen’s Operation. — In this procedure the posterior part of 
the horizontal semicircular canal is chiselled away, and the 
vestibule is opened up by removing the bone backwards and 
upwards, care being taken not to injure the facial nerve. Having 
removed this_ portion of the semicircular canal, the vestibule is 
opened anteriorly on the inner side of the ampulla or posteriorly 
by following the canal and taking away thej bone towards the 
small end, thus entering the vestibule from behind and enlarging 

* Amfomie chirnrgicah d-ti Lahyrinthe. These de Toulouse, 1905. 
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the opening carefully in all directions, thereby making a free 
drainage for the labyrinthine cavity. 

Neumann’s Operation. — This method, which is based on the 
conditions found at the perijsheral end of the acoustic nerve, is 
much more radical than the other lalDyrinthine operations. He 
approaches the labyrinth, or rather vestibule, from the posterior 
surface of the petrous bone. The posterior part of the pyramid 
is taken away until the openings cut on transverse section of the 
posterior and horizontal semicircular canals are visible, where- 
upon one advances to the internal meatus, lays open the 
peripheral end of the acoustic nerve, and finally removes the 
promontory. This method has the advantage over the other 
methods in that the facial nerve is less liable to be injured. 

Hinsberg’s Operation. — In this operation the labyrinth is 
entered by -way of the fenestra vestibuli (oval window). If the 
stapes is still present, it is first removed, and a probe is then 
introduced into the oval window^, under guidance of which the 
lateral portion of the horizontal semicircular canal and vestibule 
are freely opened up. 

Richards’s Operation. — The main factor in this procedure is 
to expose the orifices of the three semicircular separately. This 
brings to view^ the so-called solid angle formed by the planes of 
the three semicircular canals standing at right angles to each 
other. At the place ■where the two vertical canals enter the 
vestibule is the point at which Hichards endeavours to enter the 
labyrinth, and from here enlarges the opening until a free 
exposure of the vestibule is established. He also removes the 
bone between the oval and round windows and first turn of the 
cochlea by taking away the bone from behind anteriorly and 
interiorly. 

All these methods have their advantages and drawbacks, and 
must be selected in each case dej)ending on the conditions found 
at the time of operation. In every case it is our main object to 
open up and clean out the labyrinth as thoroughly as possible, 
and to avoid injuring the facial nerve. The labyrinth opera- 
tion must, however, be looked upon with a certain aruount 
of dread, as extension of the suppurative process may easily be 
brought about by these manipulations, causing a serious cerebral 
complication or a fatal meningitis. It is, therefore, always 
advisable to consider well and resort to every conservative 
means before undertaking an operative procedure on the internal 
ear. In the great majority of cases the suppurative process 
becomes localized and drains off, so that surgical intervention 
becomes unnecessary and the threatening labyrinthine symptoms 
gradually subside, leaving, perhaps, a more or less permanent 
disturbance in the hearing. 

The procedure after the operation and the after-treatment are 
but slightly different from those of the radical mastoid operation 
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(see p. 543). Loose tamponing and keeping the wound .clean are 
the main objects. If all the diseased tissue has been removed, 
the loss of substance sustained by the operation fills up rapidly 
with granulations, and becomes covered with epidermis. Small 
sequestra, which- are even expelled during the treatment of the 
wound, do not act as an obstacle to a lasting cure. That deaf- 
ness remains in the operated ear after the labyrinthine operation 
goes without saying. 

Intracranial Complications. 

(Special Part.) 

The intracranial complications of otitic origin may be divided 
into the following groups: 

1. Inflammations of the Meninges. 

(d) Pachymeningitis externa circumscripta (Extradural 

abscess). 

(5) Pachymeningitis interna circumscripta (Intradural 

abscess). 

(c) Leptomeningitis diffusa and meningitis serosa. 

2. Diseases of the Brain. 

(a) Brain abscess. 

(1) Abscess of the temporal lobe. 

(2) Abscess of the cerebellum. 

(3) Metastatic abscesses. 

(b) Ulceration of the brain and encephalitis diffusa. 

3. Diseases of the Sinuses of the Dura Mater and of the 
Internal Carotid Artery. 

(a) Thrombophlebitis of the sigmoid sinus, and of the bulb of 
the internal jugular vein. 

(5) Thrombophlebitis of the superior and inferior petrosal 
sinuses and of the cavernous sinus. 

(c) Erosion of the internal carotid artery and of the sigmoid 

sinus. 

The Extradural Abscess and Pachymeningitis 
Circumscripta Externa. 

Syn. : EjoUympanic, 'perisinons, or epidural abscess ; periostitis 

interna cranii. 

Extradural or perisinous abscess is brought about by the dura 
mater ^ of the middle cranial fossa — or that part covering the 
j)OSterior wall of the i^yramid — being lifted away fi-om its osseous 
attachment by a collection of pus between it and the temporal 
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bone. It is more often localized in the posterior than in the 
middle cranial fossa. 

An extradural abscess occurs more frequently in acute than 
in chronic middle-ear suppurations. In the chronic middle-ear 
suppurations it is mainly the acute exacerbations, and especially 
the cholesteatomata, that bring about the formation of an 
extradural abscess. 

A rare form of extradural abscess, whicli is described by Jansen, is the 
deep form originating from the labyrinth, and lying on the posterior surface 
of the petrous bone; such an abscess often arises from the labyi'inth and the 
aquteductus vestibuli, causing an empysemia of the saccus endoljmiphaticus, 
the bursting of Avhich leads to the formation of an extradural abscess (Kummel, 
Schultze). 

An epitympanic abscess arises, in the majority of cases, from 
the direct extension of the pus from the bone, which is infiltrated 
with purulent secretion or perforated by fistulm, to the dura mater. 
Nevertheless, the osseous wall bordering on the abscess is often 
found apparently intact. In such cases the suppuration extends 
to the _ dura mater, in that the infectious material, which 
infiltrates the spaces in the bone, makes its way to the endo- 
cranium, or suters through the lymph and bloodvessels, in which 
case, no doubt, the virulence of the micro-organism plays an 
important part (pneumococci, Leutert). 

The collection of pus between the temporal bone and dura is 
either encapsulated, or communicates with the middle-ear spaces 
through a perforation in the temporal bone. This latter con- 
dition is less dangerous than the former. 

The extent of an extradural abscess depends not so much on 
whether the dura is more or less firmly united to the base of the 
skull, but mainly on its duration. When there are fistulje in the 
bone at the tegmen tympani, which allow a portion of the abscess 
contents to flow off, the extent of the epidural abscess is smaller 
than when the tegmen tympani is intact. In the latter case the 
pus, which is under high pressure, may spread in different 
directions at the base of the skull. 

Symptoms. — The symptoms of extradural abscess are seldom 
of such a characteristic nature as to present certain fixed signs 
which allow us to make a precise diagnosis (Hdlscher). Accord- 
ing to Hoffman {Deutsche Zeitschrift fiir Ghirurgie, 1888), o, 
diagnosis of extradural abscess may be made if, in spite of the 
complete opening up of the mastoid process, a group of threaten- 
ing symptoms (meningeal irritation, fever, and intense pain 
localized over the entire temporal bone, with or without evidence 
of brain pressure) continues, or if symptoms of meningitis or of 
sinus phlebitis supervene. On the other hand, it maj'^ be said 
that the symptoms mentioned above also occur in general 
leptomeningitis and in brain abscess, and that, by the forma- 
tion of solid and thickened masses of exudate on the external 
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surface of the dura mater, symptoms of brain pressure may be 
brought about. Somnolence, dizziness, vomiting, optic neuritis 
(Tenzer, ArcUv j. Ohrenheilk., vol. Iv.), and nystagmus may 
also occur ■with an extradural abscess, yet they offer no 
positive data for making a differential diagnosis. When the 
extradural abscess has its seat in the posterior cranial fossa 
(deep extradural abscess), its presence is sometimes made 
evident by some local symptom such as torticollis (Jansen, Lane, 
Page), or if seated in the middle cranial fossa, by crossed pareses 
of the motor and sensory cerebral nerves. Impediments in 
speech when extradural abscesses were situated on the left side 
were observed by U. Pritchard, Macewen, and Salzer. Grunert 
reports the presence of sugar in the urine. 

Diagnosis. — The diagnosis of sacculated extradural abscesses 
is very difficult; it is easier when the abscesses are diffuse. 
According to the author’s observations, an important diagnostic 
symptom of extradural abscess is the rapidly alternating appear- 
ance and disappearance of threatening symptoms, especially 
the cessation of the symptoms of meningeal irritation after a 
sudden discharge of a large quantity of pus from the ear. Accord- 
ing to Toti, an otorrhoea, the intensity of which is out of propor- 
tion to the size of the middle ear, and which is associated with 
symptoms of meningeal irritation, allows us to suspect an 
extradural abscess. According to Krause, unilateral headache, 
with absence of pain on pressure and percussion, is of value 
in making a diagnosis, if other cerebral complications can be 
excluded. 

The diagnosis is aided if, during rarefaction of the air in the 
external auditory canal by means of the pneumatic speculum, 
a drop of pus appears at the roof of the tympanic cavity, and by 
continuous rarefaction a great quantity of pus follows. 

Prognosis. — The extradural abscess, if left to itself, leads to 
death, inasmuch as the dura mater becomes perforated by fistulse 
in one or more places, and the pus, emptying into the base of the 
skull, leads to a leptomeningitis which runs a rapid course. The 
latter is also observed without perforation of the dura as a 
sequel of an extradural abscess. In other cases, before perfora- 
tion of the dura mater takes place, an adhesion often forms 
between the dura and pia mater in consequence of a chronic 
inflammation on the inner surface of the former. In such cases, 
when a fistulous perforation does occur, the spread of the sup- 
puration to the base of the skull is prevented; but owing to the 
extension of the pus to the brain, however, a cerebral abscess is 
formed, and in rare cases an ulceration of the brain. A sinus 
phlebitis occasionally develops owing to the extension of the 
abscess to the sigmoid sinus. Spontaneous cure of an extra- 
dural abscess may result if, after exfoliation or extraction of a 
sequestrum of the tegmen tympani and antri, the abscess empties 
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itself completely externally, and if the inflammation has not as 
yet extended to the inner surface of the dura mater. Baumstein 
{Archiv fiir Olirenlieilk., vol. Iv.) reports rupture of the abscess 
through the suture between temporal and occipital bones- 
Chavasse {Archiv int. de larxjng., 1904) reports rupture through a 
fistula in the squamous hone. 

Treatment. — The only treatment of extradural abscess is the 
free exposure of the dura mater and incision of the abscess cavity 
to create free drainage. In acute cases the operation is performed 
after laying bare the antrum; in chronic middle-ear suppurations, 
after the radical mastoid operation. The operation is indicated 
in all cases of acute or chronic middle- ear suppuration in which 
there are symptoms of an intracranial complication which come 
on after the opening up of the mastoid process or the middle-ear 
spaces. In such cases the dura mater is exposed freely, even if 
the diagnosis of an extradural abscess is not j)ositive, in order to 
eventually explore for an intradural or .brain abscess. If a 
fistulous opening is found in the tegmen at the time of operation, 
it must be cautiously widened with the chisel and hammer and 
traced to where the dura is found to be discoloured or covered 
with granulations. The dura can be raised without danger from 
the edges of the bony aperture, in order to thoroughly examine 
its condition. If the tegmen is not perforated, a part is removed 
with a narrow chisel and the opening carefully widened. When 
the abscess cavity has been found, the pus, according to Manasse, 
is thick, yellow, and opaque, while in diffuse meningitis it is more 
serous or only cloudy. 

After the extradural abscess has been evacuated, the exposed 
dura mater is examined for fistulous openings, deposits, or granula- 
tions. If, after opening up an extradural abscess, a fistulous 
opening is found in the dura mater, or if it appears markedly 
tense and presents no pulsation, exploration of the temporal lobe, 
and eventually also of the sigmoid sinus if the temperature is 
high, may become necessary. Thickened, ill-coloured deposits 
and fungoid granulations of the dura mater are carefully removed. 
According to Heine, splinters of bone arising from the operation, 
and impacted between the tegmen and dura, should be carefully 
removed, as they can produce a pressure necrosis of the dura 
which may give rise to a fatal meningitis. The after-treatment 
of the wound folloyung the operative opening of the extradural 
abscess is identical with that described in the radical operation 
(p. 643). 


The author cannot agree with the suggestions of Lane and Korner to 
expose the dura mater of the middle and posterior cranial fossae in those 
purulent and cholesteatomatous affections of the temporal bone which run 
their course without intracranial complications, as the author has seen at 
his clinic annoying headache arise, after exposure of larger portions of the 
dura, owing to the formation of adhesions between the dura and the edges 
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of the bony opening, in spite of the fact that the wound ran a normal 
course. 

The inflammation which is observed with large perforations of the tegmen 
tympani, and is confined to the outer surface of the dura, and wliicb is termed 
pachymeningitis externa, differs from an extradural abscess. It may exist 
for a long time without giving rise to any symptoms. One therefore sometimes 
finds, at the radical operation, quite extensive areas of the dura of the middle 
cranial fossa lying freely exposed and covered with thick layers of exudate 
or granulations, without any previous symptoms of a meningeal irritation. 


Pachymeningitis Interna Circumscripta. 

Syn. .-Ahscessus iniraduralis, subduralis, intrameningealis . — 
Le'ptomeningitis circumscripta. 

A circumscribed collection of pus internal to the dura mater, 
between it and the pia mater, usually occurs when there is a 
fistulous perforation of the dura, and when an adhesion has 
formed between the dura and pia mater in the neighbourhood of 
the ulceration.- Such a collection of pus either leads to ulceration 
and softening of the surrounding parts of the brain, to a brain 
abscess, or to a diffuse leptomeningitis. Cases of cure after the 
operative opening of intradural abscesses have been frequently 
observed. As the group of symptoms of circumscribed pachy- 
meningitis differs but slightly from that of leptomeningitis 
(Jansen), and in case the diagnosis of the latter is not made 
certain by spinal puncture, it is imperative that the dura is 
exposed and incised as soon as possible, as it is only by this 
means that, in some cases, a diffuse leptomeningitis can be 
prevented.* 

Leptomeningitis Diffusa Purulenta of Otitic Origin, and 
Meningitis Serosa. 

Leptomeningitis diffusa purulenta is brought about by the exten- 
sion of purulent processes in the temporal bone, through perfora- 
tion in the tegmen tympani and antri, more rarely in the posterior 
surface of the pyramid, but most frequently, however, through ex- 
tension of a labyrinthine suppuration by way of the internal meatus 
to the base of the skull. Sometimes the suppuration forces its way 
from the carotid canal (Meier), or along tlie facial nerve into the 
internal auditory canal, and from here to the interior of the 
skull (Macewen, Politzer). In cases of sinus thrombosis, also, 
the thrombus which has become infected may likewise bring 
about a metastatic leptomeningitis through contact of the pia 
mater with the medial sinus wall (Manasse). Not infrequently, 

* Barr, VII. Intern. Olologenlongress, Bordeaux, 190-4; P. Chavasse, 
YII. Intern. Otologenhongrcss, Bordeaux, 1904; Fremont, Soc. franc, dotologle, 
1905; Heine, Festschr. f. Lncae, 1905; Riar, Fer7(. d. dan. Oidlaryng. Ver., 
Manat, fiir OhrenJteillc., 1905;-Mendes, Arch. Hal. di otol, 1905. 
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especially in the acute otitis of influenza, one cannot find ana- 
tomically a direct connection between the meningitis and the 
suppuration in the ear, and it is probable in these cases that the 
spread of the inflammation from the middle ear to the cranial 
cavity is brought about by the lymph-sheaths of the anastomotic 
bloodvessels. According to Wittmaak [Zciiscli. J. Ohreiilieilk, 
vol. xlvii.), extension of the bacteria can take place from the 
cavum hypotympanicum through small vessels and the sheaths 
of the glosso-pharyngeal, vagus, and accessory nerves. 

Meningitis of otitic origin develops either after the formation 
of a fistula in the dura mater or Avithout this, ex contiguo, from 
the inflamed external surface of the dura mater. Extensive 
carious defects in the tegmen tympani and antri, which are not 
infrequently found Avhen performing the radical operation, do 
not seem to favour the deAmlopment of leptomeningitis^ That 
the dura, which has heconie exposed through destruction of the 
tegmen tympani, withstands the invasion of the pus is shown 
by specimens in the author’s collection, in which the outer 
surface of the dura directed toAvards the osseous defect is covered 
with firmly adhering masses of exudate, while the inner surface 
directed toAAmrds the pia mater sIioaa^s no changes at all. 

When the dura is perforated by a fistula, the parts surrounding 
the place of rupture appear infiltrated, thickened by deposits 
of exudate, undermined AAdth pus, and detached from the bone. 
The size of the fistula in the dura varies from that of a pin’s 
head to 1|- cm. and OA'^er. Sometimes the dura mater is per- 
forated at several places corresponding to the sieve-like perfora- 
tion of the tegmen. The purulent infiltration of the pia mater is 
at times — especially in circumscribed adhesions Avith the dura — 
limited to only one part of the base of the brain; not infrequently, 
hoAvever, it extends unequally from the base of the brain 
to the convexity of the cerebral hemispheres, and as far as the 
cauda equina. The purulent infiltration is most marked along 
the lymph-sheaths of the large A’^essels. The cortex of the brain 
beneath the purulent and infiltrated pia mater is softened,^ the 
cerebro- spinal fluid cloudy and flaky,- the Avidened ventricles 
filled Avith sero-purulent fluid, and the bloodvessels pf the pia 
sometimes thrombosed. In meningitis of the posterior cranial 
fossa induced by suppuration of the labyrinth, the inflammation 
at times extends to the vertebral canal, Avith symptoms of spinal 
meningitis. 

Symptoms. — The clinical picture of leptomeningitis diffusa 
purulenta of otitic origin is not always the same. The illness 
usually begins with headaches, Avhich are at first of a remitting 
character. In the further course of the affection they spread 
OA’-er the entire head, become more severe AAdth motions of the 
body, and finally become continuous. 

In addition to these headaches, there are generally persistent 
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vomiting of gall or mucus, sleeplessness, sensitiveness against 
light and noise, somnolence, and hj^persesthesia of tlie cutaneous 
nerves. Lightly tapping the muscles calls forth an active reflex. 
Upon striking the spinal column, an inward curvature is brought 
about (Oppenheim’s back phenomenon). Characteristic for this 
affection, which differentiates it from all other otitic intracranial 
complications, and especially from brain abscess, is the marked 
excitement which is made evident in screaming, springing from 
the bed, endeavours to run away, plaiting the bed-clothes, picking 
at the bed-clothes, etc. With the extension of the inflammation 
during the further course of the disease— especially in extensive 
basal and cerebral meningitis, less often in circumscribed menin- 
gitis of the posterior cranial fossa — consciousness always becomes 
more cloudy. Delirium and symptoms of cerebral irritation 
develop, and one notices contractions of the muscles of the 
extremities and face, especially on the affected side; these increase 
to general convulsions, and are mostly associated with rigidity 
of the muscles of the neck. Severe pains in the back allow one 
to assume with probability that the inflammation has extended 
to the meninges of the spinal cord. Paralyses of the abducens 
and facial nerves occur in rare cases. The pupils are generally 
markedly contracted and reacJt slightly to light; the muscles of 
the abdomen are usually drawn in. Optic neuritis is frequently 
met with, but is not constant; choked disc is less often observed 
than in brain abscess. In addition, there is generally an alternat- 
ing nystagmus, which is sometimes directed to the one and 
sometimes to the other side. The fever shows great variation; 
sometimes it is low, showing a moderate fluctuation ranging from 
99^ to lOU to 102° P., and then again it is very high, especially 
with a cortical meningitis, ranging to 104° to 105° F. ; sometimes 
it is ushered in with rigors, and at times there is a glycosuria. 
The pulse is almost always accelerated in the beginning of the 
disease, is often arrhythmic, becomes slower in the further course 
of the affection with the increase of the cranial pressure, and 
again becomes more rapid in the last stages of the illness. At 
times albuminuria is observed in cases running an acute course. 
Finallj^ paralyses develop, such as a paralysis of one of the 
extremities, or there may be a hemiplegia, a paralysis of the 
muscles of the eye, of the bladder, and of the rectum, as well as a 
rigidity of the muscles of the neck; the pupils become dilated, 
there is a loss of speech fi^’css), the respiration becomes ac- 
celerated, the pulse small and frequent, and death ensues with 
symptoms of general paralj’^sis, the patient being in a state of 
coma. 

In reference to the seat of the meningitis, it must be mentioned 
that when the affection is confined to the base of the cerebrum, 
paralyses of the muscles of the eyes and face are observed; when 
there is an exudation into the fossa of Sylvius, impediments in 



574 


DISEASES OF THE EAR 


speech are evident (Takabatake, Zeitschr. fiir Ohrenheilk, 
vol. xlvi.) ; and that when the spinal meninges are simultaneously- 
affected, spinal cord symptoms arise. In meningitis of the 
posterior cranial fossa, consciousness is retained a long time. Of 
the accompanying symptoms, the abducens paralysis and the 
rigidity of the muscles of the neck are especially pronounced. 
Death ensues rapidly owing to the arrested respiration. In a 
meningitis of the cortex, consciousness disappears early and the 
agonale condition lasts much longer. Sometimes a paralysis 
of the extremities on the side of the body corresponding to the 
affected ear takes place, and is due to the extension of the 
meningitis to the opposite cranial hemisphere. The inability to 
extend the knee-joint when bending the leg (Kernig’s flexion 
contraction), as observed by Jansen and confirmed by Kdrner, 
has been repeatedly observed by the author. This symptom also 
occurs, moreover, in all affections associated with rigidity of the 
spinal column. 

Of the group of symptoms mentioned above, several marked 
phenomena, such as convulsions, contraction and dilatation of 
the pupils, etc., may be entirely wanting. In a number of cases 
of general meningitis of otitic origin observed in the author’s 
clinic, no striking symptoms could be noted beyond headaches, 
somnolence, and, finally, coma. 

Course. — The coiu'se of otitic meningitis is sometimes slow 
and sometimes rapid. The meningitis which occurs in acute, 
as well as in chronic middle-ear suppurations of children 
takes a rapid course, and ends in death within twm to 
three days. The author has seen a case of meningitis take a 
very rapid and severe course (-within a few hours) after the 
rupture of an extradural or brain abscess into the base of the 
skull. In the protracted forms, which arise mostly from ulcera- 
tions of the dura mater or from an extradural abscess, inter- 
mittent headaches, contractions of the muscles of the face, or 
facial paralysis, often precede for months the occurrence of the 
violent symptoms. Even after the appearance of manifest and 
pronounced meningeal symptoms, the vomiting, unconsciousness, 
and convulsions may entirely cease, and the condition becomes 
apparently normal for a longer or shorter period. Such attacks, 
■which appear in paroxysms, in which, moments of remission 
alternate with complete loss of consciousness, often recur 
several times at greater intervals, until finally, 'after wneks 
or months, the illness ends in death, either with "I’-ery severe 
symptoms, or ivith the patient in a comatose condition and a 
general paralysis. 

Terminations. — Otitic meningitis runs, with but few excep- 
tions, a fatal course. In circumscribed meningitis, which 
develops ex coniiguo in consequence of an extradural abscess, the 
possibility of a cure is not out of the question if the abscess dis- 
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charges spontaneously into the middle ear or has been evacuated . 
by operative measures. That a cure may also be obtained at 
times in purulent leptomeningitis by opening up the middle-ear 
spaces has been proved by the cases observed by_ Gradenigo, 
Macewen, Barr, and Brieger,* in which the diagnosis of diffuse 
leptomeningitis was made certain by the positive result of the 
lumbar puncture. On the other hand, a great number of 
cases which run their course with optic neuritis, and which are 
reported as cured cases of purulent leptomeningitis, should 
come under the category of meningitis serosa. 

Diagnosis. — The diagnosis of leptomeningitis diffusa purulenta 
of otitic origin can seldom be positively made, on account of the 
erratic clinical symptoms of the affection, and because an 
extradural abscess, circumscribed leptomeningitis, and a brain 
abscess, may also run their course with the same group of 
sj'^mptoms. In children, more rarely in adults, typical meningeal 
symptoms may develop merely by the retention of pus in the 
middle ear, which rapidly disai)pear after the tension has been 
relieved by paracentesis. Only in cases in which the affection 
runs its course mth the typical group of symptoms already 
mentioned may the diagnosis of meningitis be made with prob- 
ability. The author would like to lay special stress on the 
spinal symptoms observed in leptomeningitis, as they are of 
importance in the differential diagnosis between this affection 
and brain abscess. Of these spinal symptoms, attention must 
be called to the following: the increase of the tendon reflexes, 
Westphal’s symptom, parfesthesia and hyperaesthesia in the 
extremities, paralyses of the bladder and rectum in patients who 
are not comatose, paraplegia, and tonic spasms of the muscles 
of the back and extremities. 

By means of the lumbar puncture suggested by Quincke in 
1891, we are in a position to measure the pressure of the cerebro- 
spinal fluid, and to conclude, by microscopic examination of the 
fluid as well as by its power of coagulation, whether there are 
inflammatory_ changes in the cerebro- spinal space. When the 
result is positive, microscopic examination of the fluid shows the 
presence of pus cells and pus-producing micro-organisms (strep- 
tococci, Lichtheim) — staphylococci, diplococci, tubercle bacilli, 
and the Bacillus pyocyaneus (Voss) — the virulence of which may 
be tested by inoculation into animals. According to the ex- 
perience of the author, only a positive result of lumbar jmncture 
is absolutely conclusive, while a negative result does not exclude 
the presence of purulent meningitis. 

Prognosis. — The prognosis of leptomeningitis diffusa puru- 
lenta of otitic origin is, as a rule, unfavourable. Nevertheless, 
one must be guarded in giving a prognosis at the beginning of 

* Transactions of the Sixth Otological Congress in London, 1899, bv Dr 
Cresswell-Baber, London, 1900. 
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the disease, inasmuch as marked meningeal symptoms may be 
caused even by hyperasmia of the meninges (in children), as well 
as by extradural abscesses and meningitis serosa. Only Avhen 
the symptoms of meningitis become more prominent may a fatal 
termination be predicted with great probability. In spite of the 
fact that the prognosis is, as a rule, unfavourable, cases of menin- 
gitis are noAv more frequently reported which have been cured by 
operation, and in which leucocytes and bacteria have been found 
in the lumbar puncture fluid. 

In the last few years various operative methods have been devised in otitic 
meningitis to establish a free outflow to the pus by incision of the dura and 
drainage (Hinsberg, Lermoyez, Voss, Brieger, Barth). Although these 
measures have been accompanied thus far by little success, still, a great deal 
is to be hoped for in the future. 

Meningitis serosa is an intracranial affection of otitic origin 
wdiich was first described by Quincke. The anatomical charac- 
teristic features of this disease are a serous infiltration of the pia 
mater, and an increase in the cerebro-spinal fluid in the sub- 
arachnoid space and in the ventricles of the brain. The 
surrounding brain tissue is infiltrated with serous exudate. 
According to Hammerschlag.* the sigmoid sinus can_ be com- 
j)letely compressed owing to a large collection of fluid in the 
ventricles. Meningitis serosa occurs less often in acute than 
in chronic middle-ear suppurations, and is the result of an 
inflammatory irritation of the meninges, which has taken its 
origin from the pus in the temporal bone; according to Jansen,t 
it is caused most frequently by a labyrinthine suppuration. 

Serous infiltration of the meninges and an increased amount 
of cerebro-spinal fluid are often found with extradural or brain 
abscess and sinus thrombosis. Sometimes, however, when there 
is an abscess lying outside the dura mater, a group of symptoms 
arises, the favourable course of Avhich leads us to believe that the 
case is one of an abating meningitis serosa. 

Symptoms. — The symptoms of serous meningitis differ but 
slightly- from those of the purulent form. The symptoms are: 
headaches which spread over the entire head, sensitiveness on 
percussion, dizziness, restlessness, vomiting, torticollis, _ hyper- 
esthesia, ataxia, pareses, strabismus, disturbances of vision and 
hearing, delirium, and somnolence. The fever seldom reaches 
a high degree, and may even be entirely wanting. That the 
vertebral canal has become involved in the inflammatory process 
is made manifest by rigidity of the spinal column and by pain 
in the knees. 

Course. — If the anatomical conditions which produce seious 
meningitis continue, death ensues. The meningitis can, howevei, 

* Wiener med. Woclienschr., 1^00. 

t Comptes rendus dti XII. Congr. intern, de med. at Moscow, loJ/. 
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rapidly subside if tbe seat of infection is removed by an early 
operative interference. Tbe disappearance of tbo meningeal 
symptoms after tbe laying bare of tbe seat of infection (as the 
author has repeatedly observed in bis clinic) cannot,^ however, bo 
regarded as a characteristic feature of serous meningitis. The 
reason for this, as has already been pointed out, is that in 
the purulent form, in which the lumbar puncture has proA^ed the 
•existence of pus in the eerebro-spinal fluid, a cure has also been 
observed after operative procedures. As a rule, however, the 
prognosis is more favourable in cases in which the eerebro-spinal 
fluid is clear and free from bacteria. 

Diagnosis. — The diagnosis of serous meningitis may therefore 
be made with great probability only if the symptoms of menin- 
gitis and brain pressure disappear spontaneously or shortly after 
an operative interference. During the time that severe brain 
symptoms are in evidence, serous meningitis cannot be distin- 
guished from the purulent form, from extradural abscess, and 
even from brain abscess. According to Jansen {loc. cit), the 
diagnosis of serous meningitis is confirmed by the presence of a 
fistula in the semicircular canals and by optic neuritis. 

Lumbar puncture is not an absolutely reliable guide in making a diagnosis, 
because, in tbe purulent form of meningitis, a eerebro-spinal fluid free from 
pus and germs is also found. In addition to this, it nmst bo romembored 
that not infrequently a serous exudation in the meninges is a forerunner of 
purulent meningitis. 

The quantity and quality of the fluid obtained by lumbar 
puncture, as well as the increased pressure in the eerebro-spinal 
space, are of diagnostic value to a certain measure, inasmuch as 
similar changes are found in all intracranial complications. 

_ Lumbar puncture is performed with the patient lying on the 
side and the knees drawn up so that they almost touch the 
abdomen, causing a bending of the back. It is usually carried 
out without a general ansBSthesia, but in all cases it is advisable 
to inject a few drops of a 3 to 5 per cent, solution of cocaine 
into the skin at the place where we wish to introduce the puncture 
needle. Having done this, and the part having been sterilized 
with alcohol and tincture of iodine, a sterile straight needle, 
about 5 to 6 inches in length, is introduced between the third and 
fourth lumbar vertebree. The needle, which has a diameter of 
about 0-6 to 1-2 mm. and a length of 12 cm., is passed into the 
lumbar part of the subarachnoid space laterally to the spinous 
processes. This is quite easily accomplished, as the intervertebral 
foramina, closed in by ligaments, become widely separated when 
the vertebral column is bent forwards. In children, the needle is 
inserted between two spinous processes, and in a direction 
slightly upAvards ,* in adults I to 1 cm. laterally to the median line 
of the body, and the point of the needle directed towards this 

37 
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line. The point of the needle enters the subarachnoid space at 
a depth of 2 to 6 or 8 cm., depending on the thickness of the fat 
and muscles. That the puncture has been successfully performed 
is made evident by the escape of spinal fluid through the needle. 
The pressure in the cerebro-spinal space can be judged by the 
rapidity with which the fluid flows from the needle — that is, 
whether it escapes in drops or in a continuous stream. The 
withdrawal of too large a quantity of fluid may produce collapse; 
8 to 10 grammes are sufficient for a thorough examination. 

The puncture fluid is clear or cloudy. The latter is found 
with purulent meningitis, with superficial brain abscesses 
(Alexander, Monai. f. Ohrenheilk., 1 904), and with accumulations 
of pus in the ventricles. The absence of the coagulation of 
fibrin in a clear puncture fluid also points towards a meningitis 
(Alexander).* The finding of tubercle bacilli, streptococci, or 
diplococci in the fluid allows one to conclude with great prob- 
ability that the case is one of purulent or tubercular meningitis. 
The examination for anaerobic micro-organisms (Ghon) is of 
diagnostic importance. Leucocytes alone are not, according to 
Siebenmann, proof of a meningitis. The finding of strepto- 
coccif and tubercle bacilli in the fluid makes the prognosis 
unfavourable. 

In examining the cerebro-spinal fluid obtained by spinal or 
lumbar puncture one must consider (1) the pressure under 
which the fluid escapes; (2) the colour — that is, whether it is clear, 
cloudy, or hemorrhagic; (3) the bacteriological examination; 
(4) the cellular count ; and (5) the chemical findings. 

1. The pressure under which the fluid escapes under normal 
conditions shows a moderate pressure, varying from 10 to_20 
minims per minute. This varies according to the pathological 
changes, so that one finds an increase in the pressure in severe 
inflammatory conditions, such as meningitis, tumours of the 
brain, and, in fact, in all intracranial lesions in which there is a 
marked increase in the cerebro-spinal fluid. 

2. The colour is normally clear,, but becomes more or less 
cloudy, depending on the severity of the intracranial or spinal 
infection. This discoloration depends on the amount of blood 
and micro-organisms; in cases in which these are scanty the 
colour allows only slight variation from the normal, while m 
eases in which they are abundant the colour may range from a 
slight cloudiness to an almost opaque milky fluid. 

3. The bacteriological examination is very important, as it 
enables us to ascertain the form of meningitis with which we 
have to deal. Such tests are made by microscopic examinations, 
by cultures, and by inoculations into animals. The predominat- 

* Deutsche med. Wochenschr., 1905. . , 

t Gruening found streptococci in the puncture fluid of a case wlncn w 
operated for brain tumour, and which recovered. 
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ing organisms are usually the streptococci, the Diplococciis intra- 
cellularis, the tubercle bacilli,, and often a mixed infection. Id 
the ordinary meningitis of otitic origin we usually finci the strep- 
tococci and staphylococci. In the tubercular meningitis the 
tubercular bacillus is the predominating organism, although 
there is often an admixture of other bacteria. The more severe 
the bacterial invasion, the more severe will be the intracranial 
or spinal lesion. 

4. The Cellular Count . — In computing the cell count in the 
spinal fluid, we take into consideration the numerical increase in 
the lymphocytes and polynuclear leucocytes. An increase in 
these elements is always associated with an increased meningeal 
irritation. A lymphocytosis is usually found with a meningeal 
disorder, with -or without the presence of pus-producing micro- 
organisms. An increase in the polynuclear leucocytes is observed 
in the various forms of meningitis, and give rise to a more or less 
cloudy fluid. 

6. Chemical Examination . — In making a chemical examination 
of the spinal fluid, we look for the amount of albumen and 
globulin, as an increase in these elements is found in tubercular, 
meningococcic, and purulent meningitis. The presence of glucose 
shows some variations in quantity. This is usually slightly 
reduced in poliomyelitis and meningismus, and shows quite a 
reduction in tubercular meningitis. It has been found that when 
there is a reduction in the cell count, albumen, and globulin, with 
an increase in the sugar, but without a simultaneous diminution 
in the number of pathogenic micro-organisms, the prognosis is 
generally unfavourable, and such cases, as a rule, end fatally. 

According to present views, lumbar puncture is not a fixed or 
positive indication for an operative procedure, because, as 
Hammerschlag was the first to show, the mere finding of leuco- 
cytes and micro-organisms in the spinal fluid does not contra- 
indicate an operative measure into the cranial cavity. According 
to Alexander,^ it is recommended, even when there is a slight 
indication of meningitis, to perform lumbar puncture first, in 
order to ascertain the condition of the meninges at the time of 
the operative procedure. From this it would then be seen that 
many a meningitis declared to be post-operative, and being only 
slightly evident clinically, had already existed before the operation. 
Oozzolino disregards lumbar puncture entirely in tubercular 
meningitis. The quantity of puncture fluid varies from a few 
drops to 20-30 c.c. If one has missed the lumbar sac, if there are 
adhesions in the spinal subarachnoid space, or if the communica- 
tion between the basal and spinal subarachnoid spaces is inter- 
rupted, the tap may be dry and no fluid will escape. Violent 
headaches, transient disturbances of hearing, and weakness in 

* Chapter Ghirurgisclie Erkranhungen des Ohres in Professor Hocherief’’g’s 
text-book on Chirurgie und Operafionslehre. 
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the lower extremities in consequence of injury to the cauda 
equina, have been observed after lumbar puncture. Subnormal 
temperatures should not give rise to anxiety if they are not 
accompanied by collapse (Bonninghaus). Voss {Zeitsclir. Jiir 
Olirenlieilk., vol. liii.) saw aspiration of air through the cannula 
during a deep inspiration.* 

Another condition to which the writer wishes to call attention 
is the so-called meningismus. In this condition we have an 
irritability of the membranes covering the brain, which is 
associated with all the symptoms of a true meningitis. The 
difference, however, lies in the fact that, with a true meningismus, 
the spinal fluid may or may not be cloudy, but is free from 
bacteria, and there are no pathological changes of a lasting 
or serious nature. Such an irritation of the meninges is usually 
of a transitory nature, and is generally found as a comphcation 
of a purulent otitis media, mastoiditis, or sinus thrombosis. 
The treatment is similar to a true meningitis in that the focal 
lesion must be cleared up, and by so doing the meningeal 
irritation becomes less until the meningeal symptoms gradually 
subside and the patient returns to his normal state. As in a 
true meningitis, it often becomes necessary to resort to lumbar 
puncture in order to relieve the intracranial tension, and in this 
way to arrest the meningeal irritation. 

Treatment. — The main factors in the treatment of serous 
meningitis, when meningeal symptoms make their appearance, 
consist in the early opening up of the middle-ear spaces, exposing 
the dura mater in the region of the tegmen tympani and antri 
for the purpose of exploring for an accumulation of pus in the 
form of an extradural abscess, and, if found, to incise the dura 
and give free vent to the encapsulated pus. The diagnosis of 
serous meningitis can be made with certainty by the bacteriological 
examination of the spinal fluid, and if, in performing lurnbar 
puncture, the cerebro-spinal fluid is discharged in large quantities 
and under high pressure, and if the meningeal symptoms rapidly 
subside. If the severe symptoms continue after cutting through 
the dura, exploration for a brain abscess is indicated, and 
eventually puncture of the ventricles is to be tried (Jansen, 
Bonninghaus, Lannois, Muller). Lumbar puncture seems to have 
no essential influence on the course of the disease, with the 
exception of alleviating the symptoms; still, in those cases in 
which a cure of the meningitis has been reported, a certain amount 
of importance must be attached to the repeated use of the 
lumbar puncture (Cohen, Zeitsclir. Jiir Olirenlieilk., vol. xxxvin.). 

* Grossman, Berliner otol. Oes., 1905; Grunert, Miincliener med. 

1905; Holscher, 3Ied. Korrespondenzbl. d. Wiirtemherg. arztl.^ ^ j 
Voss, Ghariteannalen, vol. xxix. ; Lombard et Caboghe, Congr. hit. deBoraeai , 
1904; A. ICnapp, Arch, of Otology, vol. xxxiii., 1904. 
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Brain Abscesses of Otitic Origin. 

A brain abscess develops either through continuity by the 
direct extension of the suppuration to the cerebral substance, 
or at some distance from the seat of infection in the temporal 
bone, without any demonstrable macroscopic connection. A 
careful examination of the latter condition, however, often shows 
‘ a purulent infiltration of the apparently non-infected bone, 
and an inflammatory condition of the dura mater and parts of 
the brain bordering on the osseous tissue. The exposed dura 
mater appears thickened by the deposit of an exudate on its 
external surface, often adherent to the adjoining part of the brain, 
and sometimes perforated by one or more fistulee.* * * § 

In cases in which every trace of disease of the bone is lacking, 
the spread of the inflammation to the brain may be caused 
either by a phlebitis and the formation of thrombi in the veins 
entering the cranial cavity from the ear (from the thrombosed 
vena auditoria, Jansen), or by the migration of bacteria along 
the interstices of the connective tissue bands which accompany 
the anastomotic blood- and lymph- vessels of the middle ear and 
cranial cavity. In such cases the dura lying over the abscess is 
unaltered, but may, however, be covered with granulations and 
pus. In rare cases the aquseductus vestibuli maybe looked upon 
as one of the paths by which the infection is transmitted to'the 
cranial cavity (Boesoh,t Politzer,| Wegener). § 

According to Von Bergmann,]! brain abscesses of otitic origin 
are generally located in the temporal lobe or in the hemisphere of 
the cerebellum on the same side as the infected ear; the latter is 
mostly caused by perforation of the posterior surface of the 
pyramid or by the intervention of a labyrinthine suppuration. 
In the majority of cases, the abscess hes in the neighbourhood 
of the aural infection (Kbrner). 

In 100 cases observed by Kdrner, the seat of the abscess was 
in the temporal lobe sixty-three times, in the cerebellum in 31 per- 
cent., and both of these parts of the brain were simultaneously 
^.ffected in 6 per cent. According to Heimann’s statistics, the 
proportion of abscesses in the temporal lobe to those in the 

* According to Korner’s statistics, out of 100 cases quoted in literature 
the brain substance between the dura mater and the brain abscess was 
softened in 17 per cent., adherent to the meninges of the brain in 26 per cent., 
perforated by fistulae in 15 per cent. ; in 42 per cent, a fistula was found 
which ran through the dura mater and cortex of the brain, and brought about 
a communication between the collection of pus in the temporal bone and the 
bram abscess. 

t Zeitschr. f. Ohrenheilh., vol. 1. 

I Archivf. OhrenlieilL, vol. Ixv.; andPassow, Verh. d. D. olol. Ges., 1906. 

§ Archivf. Ohrenlieilk., vol. Lxviii. 

([ Die chirurgische Behandlung der Hirnhrankheiien (Arch. f. klin. Ohiruqie, 

vol. XXVI.). \ J J ! 
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cerebellum is 68-3 to 31*7 per cent.; according to Neumann, 
63-4 to 36-6 per cent.* 

The exceptional cases in which abscesses are found in the 
hemisphere of the brain opposite to the diseased ear can no 
doubt be looked upon as pymmie metastases ; in this way abscesses 
may alSo lodge in various other parts of the brain, and in 
other organs. Not infrequently a brain abscess is combined with 
purulent meningitis and phlebitis of the sinuses of the dura 
mater.f 

As to the location of brain abscesses in relation to the sefit 
of the pus in the temporal bone, the following is usually observed: 
abscesses in the cerebrum — that is, in the temporal lobe — develop 
from suppurations in the temporal bone which extend over to 
the middle cranial fossa, whereas abscesses in the cerebellum 
occur, as a rule, with labyrinthine suppurations, in purulent 
inflammations, or caries of the posterior surface of the pyramid, 
occasionally in suppurations of the mastoid process (Pomeroy), 
and with an infectious sinus thrombosis. Dupuy, Kdrner, and 
the author have observed cases in which abscesses were situated 
in parts of the brain which did not correspond to the collection of 
pus in the temisoral bone. Abscesses in the pons, in the crura 
cerebelli, in the medulla oblongata, and in the occipital lobe 
are very rare. 

The seat of the abscess in the temporal lobe is usually over 
the tegmen tympani and antri. Cerebellar abscesses are 
generally in the anterior and inferior parts of the hemispheres— 
in other words, in those parts which correspond to the carious 
perforation on the posterior surface of the pyramid. Cerebellar 
abscesses arising from the labyrinth or its surrounding parts 
generally lie in the median part of this organ; those arising 
from the sigmoid sinus and its neighbourhood, in the lateral 
section of the cerebellum. These relations are of importance, 
and must always be kept in mind -when exj)loring for a brain 
abscess. 

The number and size of brain abscesses vary greatly. _ As a 
rule, there is only one abscess; multiple abscesses communicating 
with each other, or collections of pus which are completely- 
isolated, are by no means rare. In a number of cases, abscesses 
have been found in the cerebrum and cerebellum at the same time 
(by Heimann eleven times in 645 cases). At times there is a 
fistula between the dura mater and the brain abscess, throug 
which, under favourable conditions, the contents of the abscess 
may discharge through the tympanic cavity_ into the externa 
auditory canal. The size of the abscess varies from that 01 a 

* Neumann, Der otitische Kleinldniabszess, Deutike, Leipzig. Vieima, 

t Brieger, Vers, deufsch. Nakirf. u. Aerzte, Wien, 1894; Schuber , • 

deutsch. NaturJ. u. Aerzte, Wien, 1894; Sckmiegelow, A. /. 0., vol. x- 
De Eossi, Congress in Eome, 1895. 
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pea to that of a goose’s egg and over. In several cases observed 
by the author, the cerebral abscess occupied almost the entire 
temporal and frontal lobes of the brain. Cerebellar abscesses, 
as a rule, attain only a small size. In a case observed by the 
author, in which the diagnosis of a cerebellar abscess was made, 
the entire cerebellum was transformed into a large pus cavity. 
Heimann [Archiv f. Olirenheilk., vol. Ixvi.), who collected the 
cases scattered through the literature, found that, in 645 brain 
abscesses brought about by acute and chronic middle-ear sup- 
puration, 457 were cerebral and 188 cerebellar. 

Abscesses which have existed for some tiine are often enclosed 
by a connective-tissue capsule, which may reach a thickness of 
5 mm. The time it takes for a capsule to develop in chronic 
otitic abscesses is difficult to state. According to Lebert, 
Schott, Huguenin, and Gull, it takes from three to twelve weeks. 
Jansen saw a fully-developed abscess capsule five weeks after 
the appearance of an otitis media acuta, and ten days after the 
first symptoms of the formation of an abscess. Uchermann 
{Zeitsclir. f. Ohrenlieilk., vol. xlvi.) estimates the age of the 
abscess by the thickness of the capsule. According to Neumann’s 
investigations* at the author’s clinic, it is not the duration of the 
abscess alone, but the kind of bacteria, which is the determining 
factor. Diplococci favour the formation of a capsule ,- when there 
are anaerobic micro-organisms present, a firm capsule is not 
formed. This fact is of'importance in the post-operative course 
of the wound. According to Preysing,f the encapsulation of the 
abscess takes place when the virulence of the bacteria is low, 
while if the virulence of the pathogenic bacteria is high, the 
organism finds no time to dam in the infectious material. 

According to the cases of brain abscess collected by Hessler, 
thirty-two out of forty-nine which followed a chronic middle-ear 
suppuration were encapsulated; of thirteen which arose after 
an acute middle- ear suppuration, five were encapsulated. 

Brain abscesses, as a rule, affect the surrounding tissue, even 
when the capsule is intact; this is made evident by softening of 
the adjoining parts of the brain, flattening of the convolutions, 
and infiltration of the cortex. In like manner there is not 
infrequently even before rupture of the abscess takes place, a 
hydrops of the ventricles, or a serous, sero-fibrinous, or purulent 
meningitis. An encephalitis occurring with a middle-ear sup- 
puration without a brain abscess is very rarely met with 
(Oppenheim). I 

* Loc. cit., p. 637. Archiv f. Ohrenlieilk., vol. li 

X Cp. Th. Barr, Glasgow Med. Joiirnul, 1878; Orne Green, Med. and Surg. 
Reports of the Boston City Hospital, 1877, Second Series; Moure, Revue hebdom. 
de laryng.^ dotol., etc., No. 43; Okuneff, Internat. Med. Congress, Moskan, 
1897 ; Gruening, Transactions of the American Otolog. Soc., Thirty-first Ann. 
Meeting, 
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Symptoms. — The clinical course of otitic brain abscess may 
be divided into four stages: the initial, latent, active, and 
terminal. 

In the first stage, the symiitoms are hidden by the symptom- 
complex of the original suppuration. The symptoms of the 
second stage are so vague that the diagnosis cannot be made 
from them alone (fatigue, loss of weight, sleeplessness, pale 
colour, loss of appetite). The third, active stage usually shows 
marked symptoms of the brain abscess. 

In this stage the following symptoms are of special importance: 

1. Symptoms of the suppuration are: Paroxysms of fever, 
rigors, general exhaustion and weakness, a failing of the general 
state of the patient (mostly in cerebellar abscess), anorexia, 
disturbances of digestion, odour from the mouth, and a remark- 
able increase in the temperature in the region of the affected half 
of the skull, which has already been pointed out by Broca. The 
general temperature frequently shows no considerable increase; 
in fact, according to Oppenheim, if there is a considerable and 
persistent increase in the temperature, it is not improbable that 
the brain abscess is complicated with some other condition. 
Leutert and B. Hoffmann, who are also of this opinion, attribute 
the secondary development of a meningitis as the cause of the 
rise in temperature. Schmiegelow and Korner have observed a 
herpes labialis. Not infrequently, according to the observations 
of the author, there is a headache localized in the parietal 
region of the affected side when there is an abscess in the temporal 
lobe, and'likewise the headache is localized in the occipital region 
when an abscess has its seat in the cerebellum. A peculiar 
rigidity of the head and neck, as well as pain in bending the 
head forward, are experienced mth cerebellar abscesses. There 
is often a circumscribed point of tenderness on percussion in the 
corresponding parietal and temporal regions; still, this in itself is 
not characteristic for a brain abscess. 

2. Symptoms of increased pressure are: Headaches, dizziness, 
vomiting, loss of memory, talkativeness, threatening those about 
them, delirium, strabismus, disturbances in speech and vision, 
slow pulse, optic neuritis, changes in the size of the pupils, 
stupidity (slow cerebration), apathy, somnolence, Cheyne- 
Stokes respiration, and eclamptic attacks associated with the 
peculiarly characteristic feature of the transient disappearance 
and recurrence of the above-mentioned symptoms. Oppenheim, 
as well as v. Bergmann, Macewen, and Barr, think that the slow 
pulse, which is absent in only a small number of cases, is the 
most important symptom. According to the clinical observa- 
tions of the author, optic neuritis is found in only a small percent- 
age of the cases, whereas a slight hypeimmia of the retina also 
occurs in cases of sinus thrombosis and meningitis. A wel - 
marked choked disc, ivhich is an important symptom in cerebellar 
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abscesses, is not' often observed in abscesses of the temporal 
lobe.* 

3. Local symptoms in cases of brain abscess do not 
often occur. Word- deafness (Ferrier, Horsley, Politzer, Van 
Gehuchten, and Goris), amnestic or optic aphasia (Oppenheim), 
and disturbances in speech, are principally observed in abscesses 
of the left temporal lobe, whereas in abscesses of the same lobe 
on the right side these symptoms are generally wanting. Some- 
times an abscess in the temporal lobe is combined with a paralysis 
of the motor oculi nerve caused by pressure, with mydriasis and 
ptosis, or with an affection of the internal capsule; it is further- 
more associated with paralyses, aneesthesia, or hypersesthesia, 
more rarely spasms of the opposite extremities, crossed paralyses 
of the abducens and facial nerves, homogenous bilateral hemiopia 
(Korner), crossed facial and hypoglossus paralysis (Muller, 
ArcliivJ. Olirenheilk., vol. 1 .), and crossed hardness of^hearing in 
the ear which was previously normal. 

In the terminal stage, many symptoms of the active stage 
have disappeared, and in place of these there are marked symp- 
toms of agony, irritability, and extreme restlessness, until coma 
finally sets in and death ensues. 

Cerebellar abscesses, which sometimes commence with rigors, 
dizziness, and vomiting, run their course with various symptoms 
of irritation and pressure. Among the latter, which are made 
manifest by compression of the pons, the vermiform process, 
the medulla oblongata, and the cerebral nerves arising from 
the posterior cranial fossa, the following must be mentioned: 
Dysarthria and dysphagia, mechanical yawning, lockjaw 
(Monnier), paralysis of the facial nerve of the same side and 
unilateral paralysis of the pillar of the fauces (Thompson, 
Heimann, Politzer), pareses of the abducens (Katz), nystagmus 
towards the diseased side (Oppenheim), choked disc (Hansberg, 
Politzer), ptosis (Eeier, Moos, Steinbrligge), glycosuria (Ulrich, 
parsesthesia in the extremities (Ceci), absence of the 
patellar reflex (Strumpel), general hypersesthesia (Heimann, 
Lebert), disorders of the bladder, torticollis (Jansen), and cere- 
bellar ataxia; this last-mentioned symptom is not infrequently 
observed, and is probably caused by an indirect action upon the 
vermiform process of the cerebellum (Nothnagel) ; still, it must 
be mentioned that it also occurs with other complications (Koch, 
Paulsen). By the indirect action of the cerebellar abscesses upon 
the pons and the medulla oblongata, we can explain the dis- 
turbances in gait (Koch) and the act of falling forwards (Dupuy). 
In several of the author’s cases of cerebellar abscess, there were 
paresis and paralysis of the side on which the lesion was situated. 

Course. — The course of brain abscess of otitic origin is very 

* Lannois et Jaboulay, L’hemianopsie dans les abebs cerebraux d’oriqine 
oMtqne {Rev. held, de laryng., d’otol. et de rJiin., 1896). 
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irregular. In many cases it is latent, running a slow insiduous 
course without any striking brain symptoms. The violent 
symptoms sometimes develop several weeks or months before 
death takes place; however, these are seldom continuous, occur- 
ring in paroxysms, sometimes at longer and sometimes at shorter 
intervals. In other cases the violent cerebral symptoms develop 
only a few hours before death. Two cases of cerebellar abscess 
in the author’s clinic showed no symptoms whatever during life, 
and ended suddenly in death as the patients were trying to sit 
up in bed. 

The duration of brain abscess is often, owing to the abscence 
of marked symptoms, not ascertainable. Cases in which the 
violent symptoms arose shortly before death, showed, at 
the fost-mortem examination, an old abscess surrounded by a 
connective-tissue capsule. When there are multiple abscesses, 
the changes in the tissue surrounding the abscesses show that 
they developed at different times. 

Termination. — Brain abscesses of otitic origin generally end 
in death if not opened up by operative measures. Even in 
cases in which the abscess has been located and evacuated the 
ultimate result is doubtful, as many of the cases die of some other 
cerebral complication or a secondary meningitis. The cases 
described in literature of spontaneous cure by calcification 
or absorption of the contents of the abscess are extremely 
doubtful. In the publications of Bruns, Huguenin, Zimmer- 
mann, Wreden, Boucher, Wilde, Poliak, Gruber, and others, 
in which the brain abscess Avas supposed to have discharged 
externally, it is quite jjrobable that the majority were extra- 
dural. There can be no doubt, however, that brain abscesses 
may discharge externally after an adhesion of the brain with the 
meninges and Avith the bone has taken place. 

The fatal ending is caused either by meningitis after the abscess 
has ruptured on the surface of the brain, by encephalitis, or by 
rupture and discharge of the abscess into the ventricles of the 
brain. Finally, death may also be caused by oedema and com- 
pression of the brain, by paralysis of the respiratory and cir- 
culatory centres, by exhaustion, or by metastases in other 
organs. _ ... 

Diagnosis. — The diagnosis of brain abscess of otitic origin is 
often very difficult; this is due to the uncertain course of the 
affection, and to a symptom-complex AAdhch is not infrequently 
ill- defined, and often entirely Aimnting. In the latent stage 01 
the affection, every diagnostic aid is frequently wanting; whereas, 
on the other hand, after the appearance of violent symptoms, 
it is often impossible to differentiate it from the other otitic 
complications (meningitis purulenta, serosa and tuberculosa, 
extra- and intra-dural abscess). It happens especially often m 
children, and sometimes also in adults, that an uncomphca e 
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middle-ear suppuration may cause a symptom-complex which 
may be mistaken for a brain abscess, and all the more so if the 
otitis is complicated with an optic neuritis. This symptom is, 
however, by no means characteristic for meningitis or brain 
abscess. The difficulties presented by the differential diagnosis 
between brain abscess, circumscribed pachymeningitis, the 
different forms of meningitis, and labyrinthine suppuration, 
owing to the similarity of the symptoms, are apparent from the 
large number of patients observed during life, and from the con- 
dition of the brain and meninges found at the post-mortem exam- 
ination. In many cases, a differential diagnosis can be made 
only after the appearance of marked symptoms. In a number of 
cases one is sometimes able (at least, with great probability) to 
make a diagnosis of abscess of the temporal lobe by certain 
marked symptoms, such as aphasia associated with a localized 
headache in the parietal region, tenderness on percussion, and 
increased temperature in the region of the affected half of the 
skull, or by the development of a crossed paralysis of the ex- 
tremities. In likQ manner, there is little doubt that a cerebellar 
abscess is present if .there is localized occipital or frontal headache 
associated with dizziness, ataxia, nystagmus, choked disc, 
hypersesthesia of the scalp, and paralysis of the extremities on 
the same side. 

The differential diagnosis between brain abscess and meningitis 
is often difficult ; still, the experienced clinician not infrequently 
acquires many valuable diagnostic points from the impression 
which he gains at the bedside from the patient’s behaviour. 
While the patient affected with a meningitis strikes one by his 
restlessness (picking at the bed-clothes, pulling at the bed-cover, 
attempts at escape, and screaming), the patient with a brain 
abscess is quiet and apathetic. 

The symptoms for a differential diagnosis between cerebellar 
abscess and labyrinthine suppuration, especially the nystagmus, 
have already been discussed (p. 561). 

That brain tumours and tubercles of the brain associated with 
a simultaneous middle-ear suppuration and marked local symp- 
toms may easily be mistaken for brain abscesses is well known. 
Accordingly, attention must be called to the fact that paralyses 
of the nerves at the base of the brain are seldom observed with 
cerebral abscesses, while they are found, as a rule, with tumours 
at the base of the brain. The statement of Schulze, that uraemic 
symptoms with a co-existing middle-ear suppuration could be 
mistaken for a brain abscess, is confirmed by observations of 
the author. According to Oppenheim and Kummel, a number 
of hysterical symptoms arising during the course of a middle-ear 
suppuration may also be mistaken for a brain complication of 
otitic origin. 

Prognosis. — The prognosis of brain abscess of otitic origin, 
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which was absolutely unfavourable until some years ago, is 
now much more favourable since our technic for opening up a 
brain abscess by operative measures has been greatly improved. 
If, after laying bare the source of the pus and the removal of all 
the diseased tissue in the temporal bone, the abscess is evacuated 
and opened up freely before the appearance of serious complica- 
tions, it is possible to obtain a cure in a considerable number of 
cases. According to Heine iloc. cit.), the abscesses lying near the 
dura offer the most favourable prognosis. To these we must also 
add the so-called cortical abscesses {Gvossmarm, Archiv J. Ohren- 
heillc., vol. Ixiv., and Kiimmel, Zcitschr.f. Iclin. Medicm., vol. Iv.). 
Changes in the discs of the optic nerves should not always be 
regarded as an unfavourable symj)tom.* 

The Operative Opening of Brain Abscesses of Otitic 

Origin. 

The indications for the operative opening of brain abscesses 
are based on the diagnostic signs already mentioned. Although 
it must be admitted that the indications are limited by the 
difficulties of diagnosis, experience has, however, shoAvn that an 
operative procedure should, nevertheless, be decided on in all 
cases in which (from the symptom-complex) the diagnosis of a 
brain abscess can be made with probability. At the author’s 
clinic it was the rule that, if a labyrintliine suppuration had 
been established, and there were symptoms of a cerebellar 
abscess, the opening up of the abscess was carried out after the 
labyrinth had been laid bare (Neumann), When the diagnosis of 
a cerebellar abscess was not fully established, we awaited the 
result of the labyrinthine operation, and if the cerebral symptoms 
continued, we then proceeded to the opening up of the cerebellar 
abscess. . . . 

The prognosis of the operation is most favourable if it is 
performed at a time when the diagnosis of brain abscess is made 
from the long- continued headache localized in the parietal region 
(abscess of the temporal lobe), or in the occiput or forehead 
(cerebellar abscess), or if certain symjitoms of paralysis (aphasia) 
make the presence of a brain abscess jirobable. The success of 
the operation is much more unfavourable if it is performed aftei 
the appearance of severe meningeal and brain symptoms, 
inasmuch as these generally allow us to conclude that a rupture 
of the brain abscess into the ventricle or on the surface of the 
cerebrum has taken place. That in some cases, even when tins 
has occurred, the life of the patient may be saved is proved by 
the numerous cases of brain abscesses reported in literature 

* Cisneros, Abchs cerebelleiix d’origine otique {BiilUt. de Nos. 33 

and 34, 1906); Emerson Linn, A Case of Serous Meningitis mistaken for m 
Abscess — Recovery {The Laryngoscojie, July, 1906, p. 553). 



OPERATIVE OPENING OF TEMPORAL LOBE ABSCESS 589 

which have been cured by operation. In cases, therefore, in 
%Yhioh, from the symptom- complex or by the exclusioii of other 
intracranial complications, we make the diagnosis of brain abscess 
of otitic origin, we must immediately proceed to evacuate it by 
operative means.* 


The Operative Opening of an Abscess of the Temporal 

Lobe. 

The operative opening of an abscess of the temporal lobe may 
be performed by two methods. The first consists in the direct 
exposure of the temporal lobe above the auricle by making a large 
periosteal flap in the skull, and the second in evacuating the 
abscess from the opened-up middle-ear spaces after a -radical 
mastoid operation. 

Experience has shown that abscesses of the cerebrum are 
mostly situated immediately above the tegmen tympani, and that 
it is therefore better to perform the operation for opening the 
abscess in conjunction with the radical mastoid operation (Korner). 
This method of operation, which v. Bergmann also advocated, is 
now generally preferred by the aural surgeon. The technical 
procedure is, briefly, as follows : 

After chiselling open the mastoid process and opening the 
antrum in acute suppurations, or, in other words, after opening 
up the middle- ear spaces (radical operation) in chronic cases, the 
tegmen antri is removed, and the dura mater in the region of the 
posterior portion of the middle cranial fossa is exposed and 
explored for the presence of a brain abscess. If the dura is 
found to be unaltered, exploration of the brain abscess can be 
postponed, and undertaken only if, in the course of time, the 
cerebral symptoms do not disappear. 

When the dura has been freely exposed, we can explore the 
brain in various directions by introducing a long, fair- sized 
puncture needle, which is connected with a large syringe. Some- 
times we are fortunate in striking the abscess cavity immediately, 
while at other times we are compelled to introduce the needle 
repeatedly at different places, and even then are unsuccessful. 
If we have been fortunate enough to strike the abscess, which 
is evident by aspirating the pus into the syringe, we allow the 
needle to remain in place, and follow it up with a grooved director, 
whereupon the opening is enlarged with a pair of forceps or 
dilators and the pus given free vent. 

If exploratory puncture has not been used, the exposed dura, 
which is covered with exudate or granulations, is incised as 

* Cp. Vine. CozzoUno, Indirizzo ierapico-chiriirgico nelle Gomplicanze 
intracraniclie da flogosi puridente delV appamto uditivo {Rassegna di scienze 
inediche, 1892); Ropke, Zur Operation des otitischen OrossMrn-ahscesses mit 
besonderer Beriicksichtigmig des'HeihverlJies der Operation {Z. f. 0., 1898). 



590 


DISEASES OF THE EAR 


widely as possible; according to the procedure of v. Bergmann, 
a pointed bistoury (still better, the knife devised by Preysing, 
which is bent at right angles to the handle) is carefully intro- 
duced in a vertical direction 4 cm. into the brain substance, and 
by a slight turn of the instrument the brain is lifted for the 
purpose of alloAving the pus to run off. In ease we do not imme- 
diately strike pus, we can again introduce the knife into the brain 
substance in front of and behind the place of our first incision. 
That such incisions into the white substance of the brain may 
be made without danger has been frequently demonstrated by 
clinical experience. 

After evacuating the abscess, the wound is kept open with a 
pair of dressing forceps until the pus is discharged by irrigating 
the cavity with a lukewarm, sterilized, normal saline solution, 
or peroxide. The danger of an eventual infection of the pia 
mater by the discharged pus, Avhich is often foul-smelling and 
mixed with fmtid gases, occurs less often than Avas formerly 
supposed, inasmuch as bacteriological examination has imoved 
that in cases of chronic brain abscess even the foul-smelling 
and foetid pus loses its virulence. 

After the pus has been Avashed out, the abscess cavity is loosely packed Anth 
sterile or iodoform gauze, Avhich in the first fcAv daj's must be changed daily, 
and less often in the further course of the affection. It has been found that it 
is more advantageous to use a small piece of rubber tubing or rubber tissue as 
a drain. Eulenstein recommends long-continued drainage, so that the cavity 
may completely fill AAuth granulations. In order to inspect the abscess cavity 
after emptying its contents, Ave may use Wliiting’s encephaloscope- (Trans, 
of the American OloESoc., 1903). 

Prolapse of the brain through the AA^ound, Avhich is caused by increased 
brain-pressure or by an insufficient discharge of pus and gangrene of the 
prolapsed parts, are the most common incidents that may occur during the 
after-treatment. 

The method of opening a brain abscess through the post- 
operative mastoid cavity has the advantage that the brain 
abscess is opened at its deepest part, and that the larger branches 
of the middle meningeal artery do not come into the field or 
operation. 

A disadvantage of this operation is that, in case of faulty 
diagnosis, the opened-up dural space may easily become infected^ 
from the purulent affection in the middle ear. 


The Operative Opening of a Cerebellar Abscess. 

The operatiAm opening of a cerebellar abscess, which i| 
technically more difficult, can also be performed by tAVO methods. 
One method consists in opening the posterior cranial fossa by 

* Grunert, Em Beitrag zur operaiiven Behandliing des ologenen 
(Berl. klin. Wochenschr., 1896, No. 52); Kretschmann, Beitrag ztir Behanamny 

des otitischen Hirnabscesses (Miinch. med. Wochenschr., No. 29, 1893). 
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entering the region between the sigmoid sinns and the posterior 
semicircular canal (Mg. 265) after the mastoid process has been 
chiselled aAvay — in other words, after the radical mastoid opera- 
tion. In this operation a part of the medial wall of the antrum, 
and the hone behind it, are removed. This method, which is 
used by most aurists, is preferable to all others, because the 
great majority of abscesses of the cerebellum are situated in the 
anterior and medial parts of the cerebellum, corresponding with 
the pathological changes on the posterior wall of the pyramid, 
and can therefore be reached and evacuated more readily from 
here (Ohada).* We may count on reaching the abscess all the 
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265.— The Opened-up afroDLE-EAR Spaces in a Right Tejiporal 

Bone. 


d, Promontory; st. Stapes; o, Fenestra cochlese; /, Facial nerre; c. Horizontal 
semicircular canal; si. The sigmoid sinus exposed; h. Opening between the semi- 
circular canal and the sigmoid sinus for the purpose of opening an abscess of 
the cerebellum situated at a point corresponding to the posterior surface of the 
pyramid. 


more easily if the bone between the semicircular canal and the 
sinus is softened by caries or perforated by a fistula (Koch, 
Macewen, Hansberg, Czerny, Frey), in which case the fistula 
enters directly into the abscess cavity. In such cases the parts 
surrounding the fistula are almost always adherent to the posterior 
wall of the pyramid. 

The limited space in a book of this nature renders it impossible to enter 
minutely into the details of the numerous methods proposed for opening 
cerebellar abscesses, and the author therefore refers the reader to Okada’s 
mon^raph, which is in eveay respect exhaustive and instructive {Diagnose, 
imd Umwgie ties ologenen Kletnhimabscess in Dr. Hang's Vortrdge, vol. iii , 
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The size of the opening in the bone between the sigmoid sinus 
and the posterior semicircular canal varies in each case, ranging 
from 0-5 to 1-0 or 1-5 cm. As a rule, a triangular opening in the 
bone, 0-5 to 1-5 cm. in size, the point of which is directed down- 
wards, is usually sufficient to enable one to see enough of the 
posterior cranial fossa. If the opening is too small, it may be 
enlarged anteriorly as far as the compact osseous tissue bordering 
on the posterior semicircular canal, and posteriorly by chiselling 
away the lateral wall of the sinus. 

The second method, which is not used as often, is performed in the following 
manner: An opening, S-i cm. in size, is made in the occipital bone ivith a 
chisel or trephine 4-5 cm. behind the insertion of the am’icle, and between 
the lateral and occipital sinuses, whereby the dura mater, as well as the 
cerebellum, is freely exposed. The objection to this method of operating is 
that the majority of cerebellar abscesses are situated medially, and it is there- 
fore difficult to find an abscess in this part of the cerebellum from an opening 
in the occipital bone.* 

After the dura has been exposed, we can explore the cerebellar 
region with a puncture needle as wm do in the case of a temporal 
lobe abscess described on p. 589, and, if found, the abscess is 
opened up and drained. During the last few years, the best 
results were obtained at the author’s clinic by introducing strips 
of iodoform gauze soaked ■svith peroxide into the abscess cavity, 
as suggested by Neumann, especially in those abscesses produced 
by the anaerobic bacteria. We can also use a small piece of 
rubber tubing or, better still, a small strip of rubber tissue for a 
drain." As the abscess cavity becomes smaller, the drain is 
gradually reduced until it is finally withdrawm altogether. 

The symptoms, after a cerebral or cerebellar abscess has been 
opened up, vary greatly. In some cases the effect of the opera- 
tion is made evident by the raj)id return of consciousness, and by 
the rapid or gradual disappearance of the severe cerebral symp- 
toms. The symptoms produced by the inflammatory cerebral 
oedema, or by the reflex action of the abscess, such as disturbances 
in speech and pareses, disappear, as a rule, after the abscess has 
been successfully evacuated. 

If there are no complications, and the case takes a regular 
course, the abscess cavity fills with granulations, and cicatrization 
usually results within three to six weeks. The middle-eai 
suppuration may subside, but sometimes continues even after 
the abscess has healed. f 

* Cp. Paul Koch, Der olitiscJie Kleinhirnabscess, Berlin, 1897. _ t -r, t 

f Cp. Barkan, Zeitschrift f. Ohrenheilk., vol, xxxiii. ; Barr, Zeitschnj J-^ 
Ohrenheilk., vol. xxxiii.; Heiman, Zeitschrift f. Ohrenheilk., voh 
Holger Mygind, Archiv f. Ohrenheilk., vol. Ixv. ; Schmiegelow, Aram tn • 
de laryng., etc., 1905; Schwabach, Festschr. f. Lucae, 1905; ’ 

Miinchener med. Wochenschr., vol. xxxvii., 1905; Villard et Leclerc, Ay 
mid., p. 373; Frey, Wiener med. Presse, 1905; Kobel, Med. ’ 

wilrlt. arztl. Ver., 1905; Lobenhofier, Inaug. Diss., Erlangen, 1905; Mo > 
Soc.franQ. d'otolog., 1905. 
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A fatal result after the operation may be caused by different 
complications. As such must be mentioned: A diffuse encepha- 
litis or gangrene of the brain substance, acute oedema of the 
brain, metastatic abscesses in the other parts of the brain, 
meningitis, pyaemia, infection of the wound, and general paralysis 
due to pressure on the medulla oblongata. Inasmuch as the 
cerebral pressure is increased by the anaesthetic, Milligan (Zeitschr. 
/. Ohrenheilk., 1905) recommends lumbar puncture before the 
operation for cerebellar abscesses. 

If the results of brain abscess operations are eoUected, it will be found that 
there is a greater percentage of cured eases than those which have ended 
fatally. The results, however, would be less favourable if, as experience has 
shown, we would take it into consideration that some of the patients who are 
discharged as cured die later of the sequela; of the brain abscess or from other 
otitic complications.* 

The general treatment of brain abscess is purely symptomatic. 
Narcotics may be given if the patients complain of pains or severe 
headaches, or display great restlessness, and stimulants may be 
necessary (camphor, ether, alcohol) if there are signs of depression. 

The Diseases of the Sinuses of the Dura Mater 
Secondary to Otitis. 

Of the venous channels running along the temporal bone, the 
sigmoid sinus, coursing on the inner surface of the mastoid 
process, is most frequently involved in the purulent affections 
of the mastoid bone; the superior and inferior petrosal sinuses, 
the cavernous sinus, the bulb of the internal jugular vein, and the 
venae diploHicae (osteomj’-elitis), are less often affected. 

Arthur H. Cheatlef describes as the sinus petro-squamosus a venous 
channel which is not constant, and is very variable in its course (Fig. 266); 
it lies in a sulcus in the middle cranial fossa, empties into the sigmoid sinus, 
and often reaches the external surface of the skull through a canal of the 
temporal bone and zygomatic process. According to Cheatle, this sinus 
brings about the anastomosis between the veins of the middle ear and those of 
the meninges; this may explain the extension of a purulent affection from 
the middle ear to the cranial fossa without macroscopic changes in the osseous 
walls of the temporal bone. Other paths of invasion are the internal auditory 
vein and the veins of the aquseductus, by which the infection is transmitted to 
the inferior petrosal sinus; and also the emissary veins of the mastoid, by which 
the infection is carried to the sigmoid sinus. Infection of the sinuses of 
the temporal bone can also be produced by an extradural abscess (Kramer, 
Zeitschr. fiir Ohrenheilk., vol. liv.). 

* On healed cases of cerebellar abscess there are further reports from 
U. Pritchard, Z. f. 0., vol. xxii. ; Manasse, Z. f. 0., vol. xxxi.; Lichtenberg, 
Gesellsch. d. ungar. Ohren. y. Kehlkopjarzle, 1897; Waggett, Sixty-seventh 
Annual Meeting of the British Medical Association, Portsmouth, 1899; Frey, 
Archiy f. Ohrenheilk., vol. lx.; and Wmier med. Presse, 1905; Neumann, 
loc. at. 

t Tmnsactions of the Sixth International Otological Congress in London, 
1899, London, 1900. 
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The inflammatory diseases of the venous sinuses of the 
temporal hone, which develop in acute and chronic middle-ear 
processes, arise from extension of the purulent infection in the 
bone to the wall of the sinus. If, in acute middle-ear suppura- 
tion, the suppurative inflammation advances as far as the wall 
of the sigmoid sinus, an encapsulated purulent inflammation 
between the sulcus and the sinus wall is brought about, which 
leads to the formation of a perisinous abscess. This in turn 
brings about an inflammation of the external layer of the sinus 
■wall, with symptoms of high fever, and as the affection progresses 
there develops an inflammation of the intima, which leads to the 
formation of thrombi, pj^aemia, emboli, and finally death, if the 
perisinous abscess is not oirened in time. In addition to the con- 
tinuous high fever, the affection becomes evident by pain on 



pressure at the posterior border of the mastoid process over the 
emissary vein; and, in the further nourse, by an cedematous 
swelling at this place. 

Conditions are different when, in acute or chronic middle-ear 
suppurations, an extensive destruction of the bone takes place, by 
which the sinus wall is exj)osed to a varying extent. In this 
case, one often finds at the operation, the exposed sinus bathed 
in pus and covered with a layer of fibrin or granulations, without 
giving the least sign of a sinus affection during the entire course 
of the disease. This fact is corroborated by the experiments on 
animals carried out by Stenger (DeiotscJier Otologentag, 1904), 
who regards the wall of the sinus itself as the best guard against 
an infectious thrombus. 

When, in an infectious otitis, or in cario-necrotic processes, the inflammation 
has extended to the interior of the sinus, its wall appears thickened, browni 
yellow, discoloured, raised from the underljdng bony surface by the p 
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ichorous matter, haiinorrhagic extravasate, or bj’’ caseous greasy masses, and 
covered with crusts of exudate or granulations; at times it is ulcerated and 
perforated by fistulre. The inner wall of the sinus is inflamed, swollen, covered 
with masses of adherent blood, which give it a villous appearance, perforated 
or destroyed. The sinus contains thrombi, which adhere to its walls or block 
its lumen, and which are either solid or show signs of purulent or ichorous 
degeneration; the thrombi sometimes extend, on the one hand, down through 
the jugular vein to the subclavian vein, and, on the other, to the confluence of 
tlie longitudinal and lateral sinuses, and from there to the lateral sinus of the 
other side. In hire manner, the phlebitis may extend, on the one hand, from tlie 
sigmoid sinus to the inferior and superior petrosal sinuses and cavernous sinus, 
and, on the other hand, to the emissary veins of Santorini. As a rule, however, 
the thrombus extends downwards to the bulb of the internal jugular vein, and 
into the vein itself. Wlien cario-nccrotic defects aro fomid in the bone, the 
surrounding area appears discoloured, softened, and afTected by osteoporosis, 
while the other parts are covered by net-like osteopliytcs. 

Otitic sinus thrombosis often runs its course without any 
other intracranial complications. At times, however, it is 
combined with extradural abscess, meningitis of the posterior 
cranial fossa, diffuse leptomeningitis, cerebellar and, less fre- 
quently, cerebral abscess.* 

According to Lebert, Hessler, Jansen, and Forselles, sinus 
thrombosis affects males three and a half times as often as 
females; the right sinus is more frequentl}’’ affected tlian tlie 
left. Whether this depends on the greater widtli of the right 
sinus — a fact which was already known to j\Iorgagni — is difficult 
to say. 

In the suppurative sinus plilcbitis a general septicfcmia (sepsis) often 
develops, owing to a transmission of the bacteria (bacterremia) or their toxincs 
(toxajmia) in the blood-channels. In other cases symptoms appear which 
are caused by the formation of metastatic abscesses (pywmia). 

Symptoms. — The symptoms of otitic sinus affections depend 
on whether we have to do with a sinus thrombosis which 
is or is not associated with a pyannia or sopticremia. The 
uncompheated sinus phlebitis may run its course without 
symptoms; in the majority of cases, however, it arises with 
vomiting and headache, and vdth mild cerebral and meningeal 
symptoms of irritation. The true pyannic cases of sinus 
thrombosis are characterized by severe cliills and fever, with its 
characteristic marked remitting course, and bj'’ emboli and 
metastases in other organs; the true cases of septica3mia,f which 
are much more seldom, are characterized by the continuous high 
fever, various exanthemata of the skin, and haemorrhages, but 
particularly by the symptoms of a general infection (delirium, 
vomiting, cyanosis, icterus, dilated pupils, weak pulse, diy 
tongue, cardiac collapse, and coma). It not infrequently 

* Alderton, Thrombosis of the Lateral Sinus with Mastoid Abscess {Medica 
Record, New York, 1897). 

t Cp. Eulenstein, Zeitschr. /. Ohrenheillc., vol. xl. 
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happens that the symptoms of septicfemia and pyremia are 
combined (septico-pyeemia) (Kummel). 

In the pyaemia simis thromboses there are usually remissions 
of the fever, in which the temperature sinks below normal, 
folloAved again, after several hours, by a sharp rise to 
39° to 40° 0. (102-2° to 104° F.) and over, Avith or without 
rigors. In the last stage of the disease the chills are much more 
frequent, so that often several chills are observed during the 
day. The pulse is accelerated, being often so weak that it 
cannot be counted, and at the same time very small and of 
reduced tension; the skin is dry, and after the illness has 
existed for several days, slightly icteric; the tongue is dry and 
coated, the spleen is enlarged, and consciousness is clear to the 
end. In addition to these, there is usually a marked euphoria. 
The head seldom feels constricted or painful. Symptoms which 
appear less frequently are vomiting, stiffness of the cervical 
muscles, and optic neuritis observed by Kipp {Z. /. 0., vol. viii.) 
in 8 per cent., and by Jansen {A. /. 0., vol. xxxvi.) in 50 per 
cent, of the cases.* A symptom of diagnostic importance, but 
one which does not alAAmys accompany thrombosis of the sigmoid 
sinus, is an oedematous swelling on the mastoid in the neighbour- 
hood where the emissary veins enter the sinus, which at times 
spreads to the temporal region and to the eyelids. That thrombi 
have formed and have extended from the sinus to the internal 
jugular vein is made eAudent by the appearance of a tough ba,nd 
on the side of the neck in the course of the jugular vein, which 
is very painful on pressure. It not infrequently happens that 
a marked oedema or a tense phlegmonous infiltration develops 
in the neighbourhood of the thrombosed jugular vein._ If a 
thrombus extends to the bulb of the internal jugular vein and 
exerts pressure on the hypoglossal, and on the vagus, glosso- 
pharyngeal, and spinal accessory nerves which emerge from the 
jugular foramen, or if a periphlebitis of the bulb develops es 
Gontiguo, symptoms of irritation, and later of paralyses' of these 
nerves, will be brought about in the form of hoarseness, cough, 
a vagus pulse, etc.f 

Kiimmel regards a pain daring the act of swallowing, without apparent 
changes in the pharynx or larynx, as a valuable diagnostic symptom o 
phlebitis of the bulb. He thinks this is due to a neuritis or perineuritis of the 
glosso -pharyngeal nerve, which passes through the jugular foramen.J 

In cases in which the thrombosis extends to the emissary veins (Ome ureen, 

* Lermoyez, Un signe de la thrombose du simis loiigitiidinal superieur 
{Annales des mal. de Vor., 1897). a t n 

t Beck, Deutsche Klinik, 1863; further, Stacke and Kretschmam, 
vol, xxii. ; Schwartze, Deutsch. militdrdrztl. Zeitschr., 1890; Kessel, i 
serlation, Giessen, 1866; Wreden, A.J. A. u. 0., vol. iii., 2; Ludewig, A-J- ■' 

vol. XXX. 

f Mitt, aus d. Grenzgeb. d. Med. u. Ghir., 1907. 
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Macewen, Forselles), one finds on the mastoid process, a painful infiltration 
and induration of the subcutaneous and subfascial connective tissue, •which 
reach to the cervical region. In like maimer, oedema of the ej^ehds and face 
occurs in cases in which the thrombus extends from the jugular to the facial 
vein. In those rare cases in which the sinus petro-squamosus is persistent, 
an oedema in the temporal region (Moos, Z. f. 0., vol. ii.) is observed. 
Gerhard’s sj^mptom [Deutsche Klinilc, 1857), which consists of the unequal 
filling of both jugular veins upon compression, is not constant. 

The symptom-complex of sinus thrombosis is complicated if 
the thrombi in the superior and inferior petrosal sinuses extend 
to the cavernous sinus. The most important symptoms of 
thrombosis of the superior petrosal sinus are: Swelling of the 
veins in the temporal region, thrombosis of the retinal veins 
(Pohtzer), epistaxis, and epileptiform attacks. If the thrombi 
extend to the cavernous sinus there occurs, in consequence of 
the formation of a thrombus in the ophthalmic vein, engorge- 
ment of the vessels of the orbit, disturbances of vision, photo- 
phobia, paralysis of the motor oculi, abducens and trochlear 
nerves, exophthalmos, ptosis, oedema of the eyelids, sloughing 
of the orbital tissue, and neimalgia of tho trigeminus. This 
symptom-complex is generally so characteristic that the diagnosis 
of thrombosis of the cavernous sinus may be made with certainty. 

In extensive tlirombosis of the sigmoid sinus, the tlirombus may extend 
beyond the confluence of tho longitudinal and lateral sinuses, and bring about 
a thrombosis of tho superior longitudinal sinus, especially in its posterior 
part. Lermoyez (Ann. d. malad. d. Vorcillc, 1897) saw, in one of liis cases, 
swelling of the-N^eins of tho scalp; Gradenigo [Archiv f. Ohrenheilk., vol.lxvi.) 
observed a painful, fluctuating swelling in tho median line of the vertex of 
the head. One of the rarest cases is that reported by Kretschmann [Archiv 
f. Ohrenheilk., vol..,!.), in Avliioh a sinus tlirombosis extended tlrrough tho 
torcular Herophili and tho inferior petrosal sinus of the ojiposite side into 
the cavernous sinus, and produced symptoms of tlu’ombosis of the cavernous 
sinus on the opposite side. 

Course and Terminations. — The course of sinus thrombosis 
is very irregular. The process sometimes takes a very rapid 
course, inasmuch as death takes place within a few days with 
symptoms of collapse, or by the formation of metastases in other 
organs; sometimes, however, the course is slow, so that single 
attacks of rigors are followed by shorter or longer intervals in 
which the state of the patient’s health is apparently normal, 
until finally, after several weeks or months, the patient dies from 
a general septicaemia or a pyaemia.* 

The termination of sinus phlebitis, if left to itself, is, with 
but few exceptions, fatal. Death most frequently takes place 
from a metastatic pleuro- pneumonia, from septicaemia, or from 
gangrene of the lungs (Hessler), more rarely from an abscess of 

P * Bojew, Quelqucs ccis le pjjohcmie d’origine olilique [Revue hebd. de laryng., 
etc., 1898); Langwortliy, H. G., Thrombosis of the Cavernoiis Smitses [Boston 
Medical Journal, 1906). 
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the lungs, nephritis, or metastascs in the subcutaneous connective 
tissue, in the joints, in the periarticular tissue, in the brain 
(Kruckenberg, Pitt), and in the larynx (Ballance). At times, 
however, a fatal result is caused without the formation of metci- 
stases by the high fever (septicaemia). Death has been known to 
occur from the excessive haemorrhage which follows erosion of 
the sinus. 

The ultimate result of sinus irhlebitis depends partly on the 
local changes in the temporal bone and partly on the infectious 
character of the thrombi. If, after the formation of a thrombus, 
the pus in the neighbourhood of the sinus is removed by operation, 
and the clot is not sejjtic, a cure may often result owing to its 
absorption or bj'’ its change into connective tissue; this occurs 
more frequently in acute than in chronic cases,* This fact has 
been proved by post-mortem examinations in which organized 
thrombi in the sigmoid sinus have been found in individuals who, 
during their life, show’ed no symptoms w’hatcver of a sinus 
affection. The same termination has also been observed in 
eases in which there "were severe pyasmic symptoms; in these 
cases cure took place by an obliteration of the sinus through 
connective tissue formation. 

A cure of this affection without an operation is rare. We 
cannot state positivelj^ that the case is one of cured sinus throm> 
bosis for the reason that the appearance of rigors, high fever, and 
even pain along the jugular vein by no means allow us to come 
to this conclusion. Even cases such as Prescott-HeAvett (Lancet, 
1861) describes as cured, in Avhich, besides rigors, there were 
metastases in the joints and in the lungs, should not be taken as 
cured cases of sinus thrombosis, because a similar symptom- 
complex without a sinus affection can also be caused by the 
immediate absorption of septic matter from the spaces of the 
temporal bone into the circulation. To these wm may also add 
the observations of Hessler, Kdrner, BroschnioAvski, Zaalberg, 
Massier, Luc, and Bernini, of cases AAliich sometimes run a 
fnAmurable course Avith chills and metastases, and AAliich can be 
traced to an osteophlebitis of the temporal bone. 

Diagnosis. — The diagnosis of otitic sinus phlebitis and throm- 
bosis may be made AAlth probability if, during the course of an 
acute or a chronic middle-ear suppuration, or after a mastoid 
operation, repeated attacks of rigor develoji, AAliich present the 
picture of a severe general infection, and Avhich are associated 
Avith high foAmr, folloAved by remissions beloAV the normal tem- 
perature (pyiemia). There can be no doubt as to the diagnosis if, 

* R. Hoffmann, Ein Fall von Simislliromhose mil bindegeivehiger Obliteralion 
des Shnis signioideus (A. f. 0., vol. I.); Warneckc, 2 Fdlle von SinustliToinbokt 
mil bindegewebiger Obliteration des Shivs sigmoidens (A. /• 0., vol. xlvin.j, 
Zebrowski, Zur Frage der Heilbarkeii vnd operaliven Beliandhmg der otogenen 
Pydniie [Monals. fiir Ohrenheilk., vol. xl., January, 1007). 
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in addition to these s^’^mptoms, one notices a iDainful cord-like 
induration along the course of the internal jugular vein, as already 
mentioned, a difference in the size of the two external jugular 
veins, an oedematous swelling in the region of the mastoid, 
especiallj’’ in the region of the emissarium (Griesinger’s symptom), 
or in the posterior triangle of the neck, and metastases in the 
joints and other organs. The diagnosis is more difficult in 
the course of an acute otitis, because the symptoms, which are 
often severe during pus retention (fever, feeling of cold, pain, 
and oedema over the mastoid), may easily hide tlie symptoms of 
a sinus thrombosis; and all the more because cases of sinus 
thrombosis occur, which run an irregular course with an irreg- 
ular temperature curve, without chills, and with mild mastoid 
symptoms. Leutert, therefore, assumes that a fever continuing 
seA'^eral days after the subsidence of the acute stage, and accom- 
panied by a free discharge of pus from the tympanic cavity, 
points to the diagnosis of sinus thrombosis in an acute otitis.* 

During the last few years our diagnosis of sinus thrombosis has 
been greatly facilitated by the examination of the blood. In 
doing this we take into consideration the presence or absence 
of septic micro-organisms, which is ascertained by making 
smears and cultures of the blood taken from the patient’s arm. 
Too great importance cannot be attributed to the outcome of 
such an examination, as it is only by this means, in a large number 
of cases in which all other symptoms leave us in doubt, that we 
are able to arrive at a diagnosis of an infection of the lateral 
sinus. 

Sinus thrombosis, as we well know, is a rather common 
complication of a suppurative otitis media or mastoiditis, and 
is usually accompanied by a definite chain of symptoms which 
allows one to assume that one is dealing with such a condition; 
■yet one occasionally meets with cas.es in which all symptoms 
point to an infection of the sinus, and yet one hesitates to 
operate until one has learned the result of the blood examination. 
The reason for this is that other infectious diseases may at 
times be associated with an aural affection, and may give rise 
to a similar symptom-complex, the sinus being absolutely free 
from any septic condition. It is, therefore, in these cases that 
a thorough examination of the blood is so essential, and in most 
cases helps us out of our difficulty in clearing up the diagnosis. 
In all cases in which there is, or was, a history of an aural affection, 
whether of brief or long duration, and in which the temperature 
shows marked fluctuations ranging from 99° to 104° or 105°, with 
or without chills, and all other infections can be excluded, it 
is advisable to make a blood-test. If such an examination 

* Voss gives as a sign of complete tlirombus of the jugular vein, that the 
venous noise heard in the normal state when a stethoscope is placed against 
the vein is no longer heard when the sinus is occluded. 
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reveals ihe presence of micro-organisms, we can then say Mth a 
fair amount of certainty that we are dealing with a septic focus 
having its seat in the lateral sinus, and we are thereupon justified 
to resort to operative measures to lay open this source of infection. 
In order to detect the presence of bacteria in the blood, we make 
smears and cultures. Even in cases in which there is a septic 
focus in the sinus, ihe examination of the blood by these methods 
leaves us often in doubt, as it is not alwaj^s po,ssible to obtain a 
positive result. That in such eases the result of the smear or 
culture may at times be negative is explained on the generally 
accepted theory that, in a case of bacteriemia of pyogenic origin 
in which there is a distinct focus of pus, bacteria may be dissemi- 
nated into the blood-stream from the original focus only at 
certain intervals, these crises manifesting themselves clinically 
b}^ chills, sweats, and very high temperature. In such cases the 
bacteria are often demonstrated only at the height of the fever. 
That the bacteria can be seen in the smears of the blood was 
clearl}’- pointed out by the investigations of Fried and Sophian,* 
•who sho'wed that in 97 per cent, of the cases of sinus thrombosis 
in which the blood-culture was positive the bacteria could he 
discovered in the blood-smeai\ This method has the advantage 
in that it can be performed quickly, whereas the blood-culture 
requires from tw^elve to forty-eight hours. This time-saving 
factor is extremely valuable, as the sooner the diagnosis is 
established, the earlier can one resort to operative interference 
for opening up the septic focus, and the greater are the chances 
for recovery. There is, therefore, little doubt as to the value 
of blood-smears in suspected cases of sinus thrombosis. _ 

The result of the blood-culture alone, in the majority of 
cases, gives us positive data in allo'\Adng us to conclude that 
we are dealing -with a case of sinus thrombosis, and in justify- 
ing us to explore the sinus for some septic focus. Of the 
different bacteria, the one -svhich is of vital interest in sinus 
thrombosis is the Sirepto coccus lieviolyticus. This micro- 
organism, 'v^hen found in the blood, allow’^s us to assume with 
justice that Ave are dealing with a supipurative focus in the sinus. 
In making a culture of the blood Ave are interested to learn 
■vdiether these hemolytic streptococci are present or not; in 
other Avords, whether our findings are positiAm or negatiAm, A 
positiAm result is, in the great majority of cases, indicative of 
an involvement of the sinus; yet a negative finding does not 
by any means exclude such, a condition. Libman,t in l9oo, 

* Libmau, The Value of Bacteriological Investigations in Otology, 
Special Beference to Blood Cultures [Arch. Otol., voL xxxvii., ISOS); ^ 

E., A Further Communication ontheimportance of BloodCnltures 

Inf ection^ of Otitic Origin {Tr. Ninth Internat. C'awg'., Boston, August 12-1 7,1 r 

■f Eried, G. A., and Sophian, A., Investigations Concerning 
the Microscopic Examination of the Blood for Bacteria {Am. Jour. Med. •> 
vol. cxlii., 1911, !>. SS). 
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demonstrated conclusively by laboratory findings that in those 
cases in which there was a history of an aural affection, and 
the blood-culture was found to be positive, a thrombosis of the 
lateral sinus was invariably present. His investigations, further- 
more, showed that sinus thrombosis and meningitis_ are the only 
otitic complications giving rise to a general bapteriemia. _ That 
these findings are correct has been substantiated by similar 
results obtained in a large number of blood- cultures made in such 
cases, and by the conditions found at the time of operation. 
Hor, in the ten cases in which operation was performed in the 
otologic service of Mount Sinai Hospital by Gruening,* and in 
another series of cases reported by Oppenheimer,t the blood- 
culture was positive in nearly every instance, and a septic 
thrombus was found at the time of operation. 

One must not forget, however, that even in cases in which a 
thrombus of the sinus is present, the blood-culture is not always 
positive at the first examination. According to Libman,t this 
may be due to the fact that the blood-culture may have been 
taken before a bacteriemia has been established, or the bacteria 
may be in the blood in such small numbers that they are not 
found in the amount of blood taken for the culture. It may also 
happen that below the infected clot there may be another 
obturating uninfected clot which prevents the bacteria entering 
the circulation, or there may be an infected thrombus completely 
closing the lumen of the vessel. 

For these reasons, it is generally advisable, Avhen an involve- 
ment of the sinus is suspected, to make repeated examinations 
of the blood. The fact that the blood- culture is negative at one 
time and positive at another may, perhaps, also be explained by 
the fact that the bacteria are disseminated into the blood-stream 
at certain periods, and, as stated before, in particular during 
the height of the fever. 

Meningitis and brain abscess are apt to be mistaken for this 
disease only if the sinus affection appears simultaneously Avith 
these intracranial complications (MaceAven’s meningeal type of 
sinus affection). The differential diagnosis in such a case is made 
clear by the result of the lumbar puncture. If there are no 
intracranial complications, the differential diagnosis is made all 
the more easily, inasmuch as the symptom-complex of uncom- 
plicated sinus phlebitis differs entirely from that of brain abscess, 

* Graening, Six Cases of Thrombosis of the Lateral Sinus ojierated uiwn in 
the Bar Ward of Mount Sinai Hospital in the Course of the Past Winter [Tr, 
Am. Otol. Soc., 1906); Sinus Thrombosis of Otitic Origin and its Relation to 
Streptococchcemia {N.Y. Med. Jour., June 5, 1909). 

t Oppenlieimer, Some Remarks on Sinus Thrombosis, with Particular 
Reference to the Diagnostic Value of Blood Cidtures in Otitic Disease (Ann. Otol. 
Rhindl., and Laryngol., March, 1911). ’ 

t Libman and Celler, Importance of Blood Culture in the Study of Infections 
of Otitic Origin (Am. Jour. Med. Sc., December, 1909). 
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and especially meningitis. While in meningitis and brain abscess 
such severe rigors and high temperatures never occur, one finds, 
on the other hand, in sinus thrombosis that the brain symptoms 
are only slightly marked, and that the consciousness of the 
patient is clear nearly to the final coma. Contrary to meningitis, 
there is usually a marked euphoria. Confusion with typhoid 
fever, malaria, and miliary tuberculosis is possible if the presence 
of an ear affection is overlooked. According to Hinsberg, sinus 
thrombosis can run its course with the symptoms of an acute 
articular rheumatism. 

Prognosis. — The prognosis of otitic sinus affections — thanks 
to the great progress which modern surgery has made in the 
last few years — ^is very favourable, especially if the diagnosis is 
made early and the infected focus is opened up freely by operative 
measures. The prognosis is rather unfavourahle when meta- 
stases have already developed, when there are symptoms of a 
meningitis or brain abscess, and when thrombosis of the cavernous 
sinus is manifest. According to the author’s experience, the 
sinus affections Avhich run their course with metastases in the 
subcutaneous tissue or in the .joints take a more favourable 
course; the sinus affections arising during the course of an acute 
otitis are more favourable than those arising during the chronic 
forms. 


The Operative Treatment of Sinus Phlebitis of Otitic 

Origin. 

The main object of the operative interference in otitic sinus 
phlebitis is to prevent the invasion of the bacteria and their 
toxines into the circulation by a thorough removal of the infected 
seat of suppuration. 

Laying bare, or, in other words, opening up, the sigmoid 
sinus is indicated in all cases in which the symptoms already 
mentioned are present, and in which the aural affection runs its 
course with continuous high or remittent fever, whether it is 
associated with rigors or not. In acute mastoiditis associated 
with continuous high fever, the sinus should always be laid open, 
when opening up the mastoid abscess, in order to see if there is 
a perisinous abscess. 

Exposure of the sinus is performed after the mastoid process 
has been opened up (p. 500 ), or, in other words, after the radical 
mastoid operation. 

The cavity of the opened mastoid process is widened posteriorly, 
and the bone over the sigmoid sinus is removed in layers, until a 
small portion of the membranous sinus Avail is exposed. The 
sinus is more easily reached if the sigmoid sulcus in the temporal 
bone is pushed far forwards and outAvards. In removing the 
sinus Avail, one must use great care not to injure or tear the 
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membranous 'wall. This can be best avoided hj not, using 
a cbisel, but by removing the bone carefully ^Ylth a small bone 

■forceps or rongeur. _ _ . 

If an opening bas been made in the sigmoid sulcus, it is 
v’idened superiorly as far as the knee of the sinus, and infcriorly 
to the jugular foramen until the sinus is laid bare to a sufficient 

extent. . . 

If the Yvall of the sinus is normal, it is of a dark blue colour, and 
usually presents a distinct pulsation, which, according to ]\Iann 
{Deutscher Otologcniag, 1904), increases if the head of the patient 
is well turned towards the opposite side. If there is a perisinous 
abscess, the pus wiU immediately force its way through the 
opening in the sulcus when the bone has been taken away. 
The exposed wall of the sinus appears yellow, discoloured, 
thickened, uneven, and covered with granulations, but rarely 
shows an ichorous degeneration. Granulations and layers of 
exudate are found in protracted cases of otitis without a diseased 
condition of the intima. If the sinus does not pulsate and is 
resistant to the touch, one maj’’ suspect the presence of thrombi; 
pulsation, however, may still continue if a flat clot is adherent 
to the intima of the wall of the sinus. In several cases of sinus 
thrombosis the author noted a pulsation of short duration 
immediately after exposure of the sinus, Avhich undoubtedly was 
caused by the small arterial vessels surrounding it. 

Bonninghaus and Hainmersohlag consider an empty, collnjjscd sinus — that 
is, one wliich cannot be differentiated from the dura mater — a sign of markedljr 
increased cerebral pressure. 

A method proposed by Wliiting for the diagnosis of a clot in the 
bulb of the internal Jugular vein or below it, is called by him ‘ expression 
experiment.’ It consists in compressing with the left index-lingcr tlic 
sigmoid sinus close to the bulb of the internal jugular vein; tlie right index- 
finger is then placed immediate^ alongside the left, and moved in a stroking 
manner upwards towards the luiee of the sinus, wlicrc it is fii-jnly lield. By 
this procedure the blood is pressed out of the collapsed sinus. If the pressure 
with the left finger is now removed, and if blood does not enter the sinus from 
below, it may be concluded that there is an obliterating thronibus in tlic 
bulb of the internal jugular vein, or in the vein itself. If, on the other hand, 
blood entem the sinus when the right index-finger is removed, it is a proof 
that there is no obliterating tlrrombus above. 

The nature of the contents of the sinus is ascertained either by 
asj)iration or by an exploratory incision. To perform aspiration 
it is well^ to use a large needle and a medium-sized syringe. 
It is advisable to introduce the needle into the lumen of the 
sinus at an acute angle rather than at a right angle, for by doing 
so one avoids penetrating the inner Avail of the vessel. This 
procedure has the advantage that one can readily ascertain the 
nature of the sinus contents AAdthout incising its Avail. Of course 
it may happen that one obtains a quantity of blood at the place 
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of puncture, and is made to believe that the sinus is patent and 
free from infection, while in reality there is a septic thrombus 
above or below which does not entirely obliterate the lumen of 
the vessel. The incision is, according to the author’s observa- 
tions, harmless, and to be preferred to the exploratory puncture, 
because adherent thrombi, which do not occlude the lumen 
of the vessel, can be more readily discovered in the majority of 
cases by this means. Before incising the sinus wall, we introduce 
a small roll of iodoform gauze firmly between the bone and sinus 
wall above and below. The Avail of the sinus is then incised, and 


s'i diL 



Fig. 267. — A SrcciMBN sho%vtng the Exposed Middle-Ear Spaces avith 
THE Dura SIateb and Lateral Sinus Laid Bare. 

dll. The exposed duia mater; si. The exposed ]ateial sinus; fr, Piomontoiy; 
/, Descending part of the facial canal ; si. Stapes ; ca, Prominence of the horizontal 
semiciicular canal; f. Mastoid process. 

the sinus Avidely laid open. If thrombi are found, they are 
removed Avith a pair of forceps or a curette, and the masses 
folloAved upAvards until fluid blood begins to floAV freely. 
like manner Ave folloAV the clot doAvnwards until Ave get a free 
return floAV from the bulb. Having obtained a free gush of 
blood from both ends, the wound is packed tightly. It is usually 
seen that that part of the thrombus corresponding to the carious 
part of the sulcus is especially infectious, and that sometimes non- 
inf ectious coagula adhere to this thrombus both above and beloAV 
it, thus forming a protecthm'" Avail against the extension of the 
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infectious material into tlio circulation. In spite of this, all the 
thrombosed masses must be thoroughly removed, as one can 
never tell macroscopically whether they are mfectious and how 
far they extend above and below. - _ 

Softened or gangrenous parts of the sinus are removed, and 
the wound pached with iodoform gauze. The aftor-trealmont is 
the same as that of the radical operation {vide p. 513). _ 

The danger of air being aspirated is out of the question if the 
internal jugular vein is ligated before opening up the sinus. _ This 
may happen, however, if the vein is not ligated first, and, is fav- 
oured, according to Senn,by an extensive loss of blood, by the head 
of the patient Ijdng too high, and by a sudden deep inspiration.* 
In cases of perisinous abscess, the result of the operation after 
laying bare the sinus is most favourable if, at the time of the 
operation, the inflammation of the venous wall has not yet led 
to the formation of septic thrombi within the sinus. In such 
cases the dangerous symptoms often disappear shortly after- 
exposing the sinus. Sometimes, however, in spile of the fact 
that the wound is running a favourahlo course, remittent attacks 
of fever continue for some time. Tlio result, after removing the 
septic thrombi, is most favourable if the thrombosis is limited 
to the sigmoid sinus, and extension of tlie infection is prevented 
by the formation of non-infectious thrombi above and below 
the infected foous.f 

It is only in recent times that the practical importance of 
ligation of the jugular vein in otitic sinus thrombosis has been 
universally recognized. There is still a great difference of 
opinion as to the indication and time of ligation. 


Bergmann, Porselles, Lane, Zaufal, and others advocate, as a rule, ligation 
of the vein before opening the sinus, but only, liowover, in cases in wliicli a 
septic thrombosis is found after the sinus has been exposed. By ligating the 
vein, septic material and particles of the thrombus -which have been loosened 
by the operation are prevented from entering the blood-slrcain. Jansen 
thinks that ligation of the internal jugular vein is indicated if rigors and fover 
continue after the removal of the thrombi. Macc\ven ligates the jugular vein 
only if the thrombosis extends so far down that it can no longer bo reached 
from the opened sinus; Horsley only -when metastases are present, in order to 
check their further development. 

The jugular is ligated before the mastoid operation when the diagnosis is 
positively established; when the diagnosis is doubtful, ho-\vcver, we ligate 
only after exposure, ox eventually after exploratory puncture or incision of the 
sinus; if the sinus contains blood, ligation must bo performed only if the pyremic 
symptoms continue after removal of the primary seat of infection. 


* Edgar Meier, Ueber Luftemholie bei Sinusoperatio7ien {A. /. 0., vol. xlix ). 
T Shephard, Transactions of the American Olologkal Society, Thirty-first 
Annual Meeting, 1898; Castex, Bull, de laryng., etc., T. II., 1899; Hciman, 
Congress at Mosco-w, 1897; Voss, Archiv f. Ohrenlieilh., vol. xxxix.; Moure, 
Phlebite suppuree du sinus lateral et ligature de la jugulaire; considera- 
tions anatomoMimques (Revue hebd. de laryngol. et d' otologic, etc., No. 3 
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Ligation of tlio jugular vein is can-ied out as follows : After thoroughly 
cleansing the field of operation, an incision about G cm. in length is made at 
the level of the annular cartilage of the tracKea through the skin and platysma 
muscle along the anterior border of the stcrno-cleido-mastoid muscle; tlio 
internal jugular vein is bluntly dissected out of its sheath, ligated above and 
below in its healthy portion, and then resected between these ligatures. If the 
ligature is introduced below the vena facialis communis, this must then also 
be ligated above. It is well to ligate the facial vein in nearly every case. 'If 
the thrombosis has extended into the jugular vein, a large piece of the vein lying 
between the ligatures should be resected, according to Parker and Horsley. At 
the author’s clinic, in every case in which the thrombosis extends, into the 
bulb of the vein, and after section of the doubly ligated vein, Alexander sphts 
the upper end of the vein and sews it into the wound in the neck, in order that 
it maj'^ act as a drainage tube (jugular skin fistula). By this procedure it is 
often possible to remove the thrombi in the bulb and in the vein itself by 
careful infgations from below. If the jugular thrombosis reaches far down, 
a resection of the clavicle may become necessary (Zaufal). 

The question frequently arises rvliethcr it is better to excise or to ligate 
the vein. It has been the rmter’s experience, and it seems to be the consensus 
of opinion of other observers, that excision is always preferable. This is 
based on the fact that almost every case of sinus thrombosis is associated uith 
a plilebitis of the jugular vein. If, tlierefore, tlic vein is only ligated, it is 
difficult to tell macroscopically at the time of the operation how far the 
phlebitis extends, and, as often happens, a part of the infected vein 
remains below the ligature, which serves as a means of reinfection of the 
blood. 

The favourable results of ligation of the jugular vein re2rorted in literature 
cannot be put dorvn with certainty' as the result of this operation, inasmuch 
as a cure is also often obtained after removal of the infectious material from the 
sinus without ligation of the vein.”" That, in spite of ligation, septic material 
from the infected area in the sinus may reach the general circulation through 
the collateral venous channels is doubtful. Opposition has been raised 
against ligation of the jugular vein before opening up the sinus, for the reason 
that, in cases in rvhich the sinus is not completely tlrrombosed, a return flow 
of the blood towards the venous channels of the cranium is brought about by 
the ligation, through which the superior and inferior petrosal sinuses^ and the 
larger venous blood-channels of the cranial cavity may become infected. 
If there is danger that the newly formed thrombi lying above the place of 
ligation of the vein may enter the collateral channels, the jugular must be 
opened up above, as far as possible from the place of ligation, and its contents, 
as well as that of the bulb, cleaned out from below. 

Zaufal deserves the credit of having been the first to suggest the operative 
treatment of sinus thrombosis (Hrag. TFoc/iensclir., 1891). 

The operative opening of the transverse sinus ivas fii’st performed in England 
with favourable results by' Lane in 1888 (British Medical Journal, 1^89). 
Chas. A. Ballance (The Lancet, 1890) folloived him -with a large number oi 
sinus operations. The result of this operative measure in otitic sinus affection 
is, considering the severity of the disease, a very favourable one. . 

A cause of the continued pymmic symptoms after clearing out the sigmoi 
sinus Avas often found to be due to a thrombosis of the bulb of the jugular vein 
In such cases it is advisable to open up and curette out the bulb, as first propose 
by Grunert. This method of Grunert has been modified by Piffl, Voss, Laval, 
and Neumann. Grunert follows the sinus from the opened-up mastoi 


* Heine, Operationen am Ohre, 1906; Knapp, A., Primary Cavernous Sinus 
Thrombosis Secondary to Osteomyelitis of the Petrous Pyramid (Archives oj 
Otology, October, 1906); Bronner, A., An Unusual Case of Thrombosis oJ the 
Lower Part of the Lateral Sinus (The Lancet, 1906). 
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process down, to tlie bulb, and exposes this by taking away the osseous ring 
forming the jugular foramen. In this way the sinus, bulb, and jugular vein 
are laid open in one uninterrupted line, and favourable conditions created, so 
that drainage takes place externally. By this method there is, however, great 
danger of injuring the facial nerve. PifH, after -detaching the auricle and 
pushing back the periosteum, lays the bulb open by removing the posterior, 
inferior, and also a portion of the anterior walls of the external meatus by way 
of the recessus hypotympanicus. In using this method the bony ridge forming 
the jugular foramen remains standing, whereby the facial nerve is less likely 
to be injured; the conditions for drainage are more unfavourable than in the 
Grunert method. 

Voss exposes the bulb from the medial side by way of the mastoid cavity; 
he takes away the bony mass in the region of the posterior inferior angle of 
tlie pjTamid covering the bulb. 

Neumann removes the external ridge of the jugular foramen by means of 
a Gigli saw, which is drawn through the bulb. 

Tandler {Monat. f. Ohrenheilh., 1908) devised a method by which he 
exposes the bulb of the jugular vein directly from without, at the same time 
dissecting out the spinal accessory and facial nerves. By turning up the 
sterno-cleido-mastoid muscle backwards and outwards, the place where the 
accessorj'^ nerve* enters the muscle becomes visible (Zuckerkandl). After 
chiselhng away the lower end of the mastoid process, and detacliing the 
biventer muscle from the sulcus biventericus in the bone, the foramen stylo- 
mastoideum, with the facial nerve, comes into view, and marks the boundary 
up to where the bone can be chiselled away step by step. The main object 
of this method of operating is that, through exposure of the spinal accessory 
nerve and the extra-cranial portion of the facial nerve bordering immediately 
on the stylo-mastoid foramen, these nerves are visible during the entire 
operation, and are thereby protected against injury. 

The results published thus far of the bulb operation are not 
very satisfactory because, if performed even with the utmost 
care, it is often accompanied by extensive and permanent injury 
to the facial and spinal accessory nerves. According to the 
author’s opinion, the bulb operation is unnecessary in the majority 
of cases, on account of the jugular skin fistula method proposed 
by Alexander, and should be performed only in the most urgent 
cases. The variable position of the bulb, and its abnormal 
extent upwards towards the semicircular canals and the internal 
meatus, naturally excludes an operative method which is suitable 
for all cases. 

The internal treatment of sinus thrombosis running its course ' 
with j)y*mia or septictemia consists in the administration of 
large doses of quinine, salicylate of soda (2-3 grammes a day), 
and antipyrin (0-6 to 1-0 gramme a day). At the same tirne, we 
must endeavour to keep up the general strength of the patient. 
Inunctions of Credo’s silver ointment on the back or on the 
lower extremities have been recommended, but have not proved 
very beneficial. 

* According to Tandler’s investigations, the nerve crosses the jugular vein 
ventrally in two-thirds, and dorsally in one-third of the cases. 
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Fatal Hcemorrhage from the Middle Ear in Consequence of 
Erosion of the Internal Carotid Artery. 

The fatal termination of a middle-ear suppuration by excessive 
haemorrhage from erosion of the internal carotid artery is ex- 
tremely rare. Cases are reported in literature from time to time 
in which the diagnosis of erosion of the internal carotid artery 
is made, and confirmed by the 'post-mortem examination. 

Anatomy. — Examination 'of these eases shows that the 
portion of the carotid canal adjoining the tympanic cavity is 
more or less necrotic and defective. The perforation in the 
carotid canal is either free or still occluded by sequestra. The 
perforation in the arterial wall, Avhich is generally softened, 
is always found at the spot where the course of the vessel 
changes its direction from the vertical to the horizontal. In the 
two cases observed by Baizeau {Gaz. des Hop., 1881, 88) and 
Choyau {Arch. Gen. de Med., 1866) the carotid artery was per- 
forated in two places; in all other cases, a tear in the arterial 
wall, 3-8 mm. in length and 2-6 mm. in breadth, is usually 
found. The edges of the tear are usually jagged and fringed, 
more rarely clean cut, as if an incision had been made. A direct 
communication between the tympanic cavity and the eroded 
artery could be demonstrated in every case. In the case described 
by Busch and Santesson (Schmidt’ sche Jahrb., 1862) the lateral 
sinus was also simultaneously eroded. In every case the blood 
poured through the perforated tympanic membrane into the 
external meatus, except in the case reported by Pilz, in which 
the membrana tympani was intact, and in which the blood 
escaped by a fistulous opening in the inferior wall of the tympanic 
cavity into an abscess cavity in the petrous portion of the 
temporal bone, and from there escaped by another fistula into 
the pharynx. 

The majority of cases were in tuberculous individuals; in one 
case scrofula, in another secondary syphilis, and in one case 
cauterization with concentrated acids, were given as causes of 
the middle-ear suppuration. 

In several cases, erosion of the carotid artery was complicated 
with circumscribed pachymeningitis, basilar and cortical menin- 
gitis, and brain abscess. 

Erosion of the carotid artery is no doubt caused ^7 
inflammatory softening of the arterial wall, which is surrounded 
by pus and ichor, whereby its power of resistance is so dimmishe 
that the repeated concussions of the blood- waves finally cause a 
rupture. _ ' , 

An aural affection has been known to exist from seven o 
eleven years or more, before erosion of the a,rtery took place, 
which was accompanied by a more or less copious haemorrhage, 
only in two cases, is the suppuration supjiosed to have existe o 
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several months. In a case of syphilis observed by Pilz, the 
liEemorrhage occurred during the course of an acute caries. 

Symptoms. — As a rule, the flow of blood from the ear is 
profuse, and not always of a pulsating character. In some 
cases only a continuous oozing is observed, while in other cases 
the blood rushes from the ear with such force that it forms a 
thick stream, which is arrested with extreme difficulty. The 
amount of blood which is lost during a violent haemorrhage varies 
from 240 to 1,500 grammes. In the majority of cases the blood 
is bright red. Sometimes the blood escapes at the same time 
through the Eustachian tube into the pharynx, and the patient 
(by swallowing the blood) has haemorrhagic stools. In cases of 
profuse haemorrhage, there may be marked anaemia associated 
with a general collapse. 

The number of haemorrhages before a fatal issue varies from 
one to three, four, seven, and even twenty (Toynbee, Diseases 
of the Ear, 18Q0). 

The duration of each haemorrhagic attack varies from four 
to ten minutes; in one case the haemorrhage lasted seven hours 
(Broca- Jolly, Arc/i. de Med., 1866), and in another six days, with 
an intermission of barely twenty-four hours (Hermann, Wien, 
med. Woehensclir., 1867). The period from the commencement of 
the first hemorrhage to the fatal issue varies from five minutes 
to thirteen days. In the author’s case, in which ligation of 
the carotid was not permitted, death took place after eight 
hemorrhages, and eleven days after the first hemorrhage. In 
the cases which were operated upon, death occurred once three 
days, and once four weeks, after ligation of the carotid. In 
Pilz’s case, which was operated on by Billroth (erosion of the 
right carotid), death took place seventeen days after ligation of 
the right, and three days after ligation of the left, internal 
carotid artery. 

Every -case ended fatally from profuse hgemorrhage and from 
general exhaustion. 

Diagnosis. — The diagnosis is made by the bright-red colour 
of the arterial blood, and by the cessation of the hsemorrhage on 
compression of the carotid artery. There can be no doubt that 
the bleeding comes from the carotid artery when the blood spurts 
from the ear in great gushes, and synchronous with each systole 
of the heart. If the haemorrhage is not very severe, it is 
possible that it might come from an erosion of the middle 
meningeal artery (Ward, Trans, of the Pathol. Soc., 1846), or from 
some other small branches of the carotid. Bleeding from the 
lateral sinus may be distinguished from a haemorrhage of the 
carotid artery by the fact that in the former, the blood is dark 
red and continues to flow after compression of the carotid. 

Prognosis. — Judging from the cases published up to the 
present, the prognosis is absolutely unfavourable. 


39 
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Treatment. — In every heemorrhage from the. ear, which is of 
such a nature as to lead to the suspicion of an erosion of the 
carotid artery, we must first endeavour to stop the haemorrhage 
by compression of the common carotid artery, and at the same 
time to pack the external canal and middle ear as firmly as 
possible. The attempt to stop the haemorrhage may be attended 
with success only if compression is continued without interruption 
for some time. It is important to instruct the person in charge 
of the patient how compression should be applied, so that in the 
event of a recurrence of the haemorrhage before the arrival of 
the physician a great loss of blood may be avoided. 

If compression of the artery does not stop the haemorrhage, 
the common carotid artery must be ligated. In a case operated 
upon, in which nine days after ligation of the carotid haemorrhages 
from the ear, mouth, and nose recurred, ligation of the other 
carotid had to be resorted to ,* still, in spite of this, death occurred 
three days later during another haemorrhagic attack. Although, 
in the small number of cases hitherto observed, hgation of the 
carotid artery has never saved the life of the patient, still the 
possibility of a successful issue is by no means excluded, if the local 
changes in the neighbourhood of the eroded artery prove to be 
more favourable, and if the obliteration of the carotid by a 
thrombus (caused by the ligature) is made possible. Whether, 
in the case described by Denuce {Bull, de I’Acad., 1878) of 
recovery from an arterial haemorrhage from the ear by ligation 
of the carotid, the cause of the bleeding was due to an erosion 
of the internal carotid artery is a moot question. In regard 
to the technique of the operation, the reader is referred to the 
larger manuals of surgery. 

The introduction of a tampon into the external meatus, which 
prevents the rapid gush of blood from the ear for the’ time 
being, proves, however, useless, inasmuch as the blood rapidly 
forces its way through the Eustachian tube into the naso-pharynx. 

That, in middle-ear suppurations, a diseased condition of the 
wall of the carotid artery with the formation of a thrombosis 
may be brought about, has been observed in a few rare cases. 
Cerebral emboli and softened areas of the brain have been 
observed as sequelae. 

Erosion of the other cerebral sinuses is rather unusual in 
middle-ear suppurations. According to Eulenstein {Zeitschr. j- 
Ohrenlieilk., vol. xliii.), erosion of the sigmoid sinus is met with 
most frequently in the chronic scarlatinal middle-ear processes. 
Cases have been reported of haemorrhages from the superior and 
inferior petrosal sinuses, from the sinus caroticus, fmm the 
cavernous sinus, and from the bulb of the jugular vein. Ihe 
haemorrhage which arises from the superior petrosal sinus and 
from the emissary mastoid veins can be arrested by tampomng. 

* Lebram {Zeitschr. f. Ohrenlieilk., vol. 1.) reports two cases of spontaneous 
htemorrhage, as a result of an erosion of the sigmoid sinus, in scarlatinal o i 
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NEW FORMATIONS IN THE SOUND- 
CONDUCTING APPARATUS. 

I. Connective-tissue New Formations. 

A. On the Auricle. 

Of the connective-tissue growths occurring on the auricle 
the fibroma, the keloid cicatrix, and the myxofibroma are most 
frequently observed.* They develop, as a rule, on the lobule, 
as a result of piercing the ears, and are supposed to occur espe- 
cially often in negro women, who have a special predisposition 
towards the formation of fibromata. Their growth is slow and 
painless. The growths often attain an enormous size, and 
occasionally involve the entire auricle. 

As a rule, fibroma of the lobule is a bilateral affection, but 
may, however, be of'unequal size on the two ears. It appears as 
a globular, semi-globular, or lobulated, partly movable tumour, 
which is more or less solid, and consists for the most part of 
fibrous connective tissue mixed with a myxomatous substance. 
Fibroma of the auricle is a benign growth, inasmuch as after its 
total extirpation a recurrence seldom takes place. 

The treatment consists in the extirpation of the tumour, care 
being taken to produce a scar which does not disfigure the auricle. 

Angiomata of the auricle are more rarely observed. They 
appear as bluish-red tumours, which pulsate more or less, attain 
the size from a lentil to that of a walnut, and are situated at the 
external auditory orifice, on the lobule, or on the posterior or 
anterior surfaces of the auricle. Multiple angiomata of the 
auricle and in its neighbourhood have been described by Turn- 
bull (London Medical Congress, 1881) and Mussey [Am. Journal 
of Med. Sciences, 1853). 

Angiomata are either congenital or may arise after the auricle 
has become frozen. Their growth is sometimes slow, sometimes 
very rapid. The ectatic dilated condition of the vessels some- 
times extends to the meatus, to the region around the ear, and 
to the scalp. When the growth of angiomata is gradual, scarcely 
any disturbances are noticed; when, on the other hand, their 
growth is rapid, there are often throbbing pains in the affected 
parts. By rupture of the dilated vessels severe haemorrhages 
may occur, which may even lead to a fatal termination. War- 
necke observed in Lucae's clinic the varicose veins of pregnancy 
in the form of bluish-red tumours in front of, above, and behind 

* I£napp, Archiv f. Augen- und Olirenheilk., vol. v.; Turnbull, London 
Med. Congress, 1881; Finley, PhUaddpliia lied. Times, ix.; Burkner, 
A.f. 0., xvii.; Habermann, A.f. 0., xviii.; Arslan, Revue liebdom. de larynaol. 
et otolog., 1899. 
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the concha and in the auditory canal; Haug (A. J. 0., vol, xxxii.) 
observed, in one case, an angiomatous new formation on the 
lobule, which surrounded a tubercular nodule. 

The treatment of angiomata depends on the size and extent of 
the growths. When they are small and' fiat, it is advisable 
to draw several aseptic silk threads dipped in chloride of iron 
through the tumours; those threads are allowed to remain in 
order to coagulate the contents of the tumours and cause them 
to shrivel up. This method is, at all events, preferable to cauter- 
ization with nitric acid or scarification. By the rational use of 
the Paquehn thermocautery, cure ■will be much more quickly and 
surely effected than by any other method of treatment. When 
the tumours are small, the operation may be completed at one 
sitting; but when the tumours are large and vascular, it is better 
to cauterize only a small part at a time at intervals of from five 
to six days. 'i he reason for this is to avoid the formation of large 
crusts, as a reactive inflammation associated with a marked 
secondary ha3morrhage may readily occur. If there are large 
arteries near the auricle which lead to the angioma, they must 
be ligated first before excising the growth. Ligation of the 
carotid artery is indicated as a last resort only when, in spite of 
the repeated application of the thermocautery, the growths recur 
and are associated with very severe uncontrollable haemorrhage. 


B. In the External Auditory Canal and in the 
Middle Ear. 

Aural Polypi. 

The pedunculated, connective-tissue growths in the ear, known 
as polypi, which develop in the course of the chronic, less 
frequently in the acute, middle-ear suppurations, and in primary 
inflammations of the external auditory canal, arise most fre- 
quently from the mucous membrane of the middle ear, less 
often in the external meatus and on the membrana tyrnpam.- 
They arise most frequently from the inner and inferior walls 
of the tympanic cavity, from the covering of the ossicles, and. from 
the external attic; more rarely from the cells of the mastoid 
process, and the mucous membrane of the Eustachian tube. In 
the external auditory canal, the polypi spring mostly from the 
posterior superior wall of the osseous meatus in the neighbour- 
hood of the membrana tympani. Polypi in the external auditory 
canal develop either from the superficial or deep layers of the 
cutis, or from the periosteum. On the membrana tyinpani, the 
polypi usually arise from the posterior superior portion, from 
Shrapnell’s membrane, and occasionally from the edges of a per- 
foration or paracentesis opening. Sometimes, polypoid growths 
are found simultaneously in the middle ear, on the membrana 
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tympani, and in the external anditoxy canal. The occurrence 
of polypi in the tympanic cavity without perforation of the 
membrana tympani has been proved by the observations 01 
Zaufal and Gottstein {A. /. 0., vol. iv,).* One or more polypi 
may occur in the same ear. When there are (Fig. 268), several 
polypi, which were originally separated, they may_unite into one, 
owing to long- continued contact. 


n d c 



b. Polypus; c, d, Remnant of the malleo-incudal body; a, Root of the polypus 
adherent to malleus and incus; a’. Second root of the same polypus springing 
from the inner and lower walls of the tympanic cavity. 



Fig. 269. — ^Fibrous Polypus of 
THE External Meatus. 

a, Root; b, Body of the polypus; 
c, Several hard excrescences grow- 
ing on the root of the polypus. 
Avulsion with Wilde’s snare. 


Fig. 270. — ^Fibrous Poly- 
pus OF THE External 
Meatus. 

a, Root; b, Body of the poly- 
pus; c. Round excrescences 
the size of a hemp-seed on 
the posterior section to the 
polypus. Avulsion with 
Wilde’s snare. 



Fig. 271.— 
Knob-luce 
Branched 
Polypus 

OF THE 

Tyfipanic 

Cavity. 

a, Boot. 


The size of aural polypi varies from the size of a pea to that 
of a date- kernel; still, they may attain a size greater than the 
length of the external auditory canal (Fig. 269). In such cases 
the tumour projects beyond the external orifice of the ear. 

The form of polypi is either long or club-shaped; more rarely 
globular or knob-like (Fig. 271). Their surface is smooth or 
lobulated, glandular and raspberry-like. In the neighbourhood 
^ * Kirchner, Ueber Ohrpdypeii (Inang. Biss., Munich, 1876). 
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of the root of large and smooth polypi one frequently finds a 
number of papillary excrescences (Figs. 270, 271). The growths 
have either a broad base, or a thin, pedunculated root. 


Structure of Aural Polypi. — ^When aural polypi are examined liisto- 
logically, two principal forms arc generally found — ^round-celled polypi and 
fibromata. True myxomata (Steudener), or tumours composed principally of 
epithelial tissue (Weydner), are rare.* 

The round-celled potypus consists of a hyaline, homogeneous stroma 
traversed by a more or less well-developed fibrous framework, in which 
scattered or closely packed round cells, and sometimes a few spindle 
cells, are embedded (Pig. 272, d, d'). By metamorphosis of the round cells 



Fig. 272. 


into spindle cells, the soft polypus attains a hard, fibrous character. This 
change usually proceeds irregularly from the root to the body of the polypus. 
The surface of these polypi is seldom smooth, but mostly of a glandular 
papillary nature, having deep gland-Iilce indentations (Fig. 272), or true 
glands. The surface of these gl'o^vths is covered with an epitheliurn which 
shows all the transition stages from simple ciliated epithelium (polypi of the 
tympanic cavity) and pavement epithelium (polypi of the auditoiy canal) to 
the complicated epithelium of the mucous membrane of the mouth. The 
polypi of the tympanic cavity are also at times covered with squamous epithe- 
lium. A combination of different forms of epithelium on one and the same 
polypus — ^that is, the ciliated variety in the region of the root, and pavement 
epithelium in other parts of the growth — ^is not rare. In the interior of the 
polypus, enclosed cavities lined with epithelium (c, c', c") as well as cyst- 
like spaces (Steudener’s retention cysts) are often found. These cysts may 
become so large that the entii’e polypus is composed of a single cystic space- 


* Wagenhauser, Ztir Histologie der Ohrfolypen {A.f. 0., vol. ix.. 1884)- 
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The occurrence of cysts containing cholesteatoma in the polypi, as observed 
by the author, is confirmed by Goerke. Cysts containing giant cells have been 
described by Manasse {Z. /. 0., xxxiii.). Aural polypi containing hair have 
been described by Krepuska (ffc5. rf. ungaT. Ohren, u, KehlkopfuTzt, 1897) 
and Brieger. Circumscribed and diffuse disintegration or fatty degeneration 
is not uncommon. Briild {Z. f. 0., 1900) found in polypi, which hore resem- 
blance to granulation tissue, the following kinds of cells : polynuclear leucocytes, 
fibroblasts, formative cells of the bloodvessels, giant cells, fat cells, and very 
many Unna’s plasma cells; the latter he regards as coming from the leucocytes. 
Hahn and Sacerdote {ArcMvf. Ohrenheilk., vol. Ixv.) found numerous plasma 
cells. Goerke observed sebaceous and cerumenal glands in a polyp of the 
meatus. . , - 

True fibromata have a fine, long-fibred, fibrillated stroma (Fig. 273), in 
which spindle cells are often interspersed. They are not so rich in bloodvessels 
as the round-celled polypi. Their surface is usually smooth and covered with 
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Fig. 273. 


stratified pavement epithelium (c), the uppermost layers of which (a) are 
cornified. The epithelium (c) penetrates the tissue of the polypus (d) d', d") in 
the form of long cones (6, b'). In tuberculosis of the middle ear, tubercle bacilli 
have at times been found in the polypoid granulations. Briihl [Zeilschr. /. 
Ohrenlmlk., vol. xlix.) reports a fibroma of the external meatus which was rich 
in glands. 

Some polypi of the tympanic cavity are traversed by numerous blood- 
vessels, and thus assume the character of cavernous polypi or angiomata. 
By marked development of the interstitial tissue during their gro-\vth, the 
bloodvessels are so contracted that they partly atrophy, whereby, in longi- 
tudinal sections, the jjolypus has a striated appearance. Combined forms of 
angiofibroma and angiomyxofibroma have been described by KJingel. A few 
nerves have been found in the growths, and then only in their pedicles. 

_ In a few rare cases, branching osseous trabeculae have been found in the 
tissue of the polypus. As the ossification occurs principally near the place of 
attachment of the polypus, it is probable that the osseous trabeculae extend 
into the. tissue of the polypus from the bony walls of the meatus. Isolated 
ossification and calcification of aural polypi are rarely seen. A case of aural 
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polypus observed Morpurgo and the author is worthy of mention. The 
patient was a man who died of general osteomalaeia, and in whom, at the first 
examination, a round-celled aural polypus was found; several years later, when 
the P 0 I 37 PUS was removed, it proved to be an osteosarcoma, in which there 
was an extensive network of bone. The posl-morlem examination showed that 
the pol 3 rpus originated from the upper portion of the inner wall of the tympanic 
cavity.* 

The grorvth of fibromata proceeds, as a rule, very slowdy, whUe that of 
round-celled polypi is much more rapid. Tlie author observed a case in 
which, two days after the removal of a polypus from the tympanic cavity, a 
second, transparent, round-celled polypus, 3 cm. long and 5 cm. thick, appear- 
ed. The development of polypi without suppuration in the ear is extremely 
rare; the author has onlj’- once observed, several 3 ’’ears after a suppuration 
of the middle ear had run its course, the development of a hard, bluish-rerl 
tumour the size of a pea on the superior wall of the meatus near the membrana 
tympani.f 

Symptoms and Terminations. — ^Aural polypi may exist a 
whole lifetime Avitliout causing any symptoms. At times they 
are accompanied by repeated hajmorrhagesirom the meatus, but 
as a rule they are associated Avith a more or less purulent dis- 
charge. Otving to the mechanical obstruction to the escape of 
secretion, they occasion unilateral headaches, a feeling of pressure 
and heaviness in the affected side of the head, tinnitus, dizziness, 
vomiting, spasmodic contractions, and epileptiform attacks. 
In the majority of cases they are the cause of the foetid purulent 
secretion,' and are often the underlying factor in causing the, 
chronicity of the aural affection. 

In a case of Schw'arfcze’s {A. /. 0., a^oI. i.) a unilateral paresis and anffisthesia 
of the extremities of the affected side Avere cured b}’’ the extirpation of several 
aural polypi. In tAvo cases reported by SchmiegeloAV (Revtie mem. de laryng. 
et otoL, 1887), the remoA^al of aural polypi AA'asfoUoAved bj"^ a cure of the neuroses, 
Avhich Avere of a reflex nature. In the first case the neurosis manifested itself 
by spasmodic movernents and anxiety; in the second case, by melancholia and 
homicidal insanity. Suarez de' Mendoza {Revue mens, de laryng., 1888) saw 
recovery take place, in a case of epilepsy Avhich lasted a long time, after the 
extirpation of aural polypi; Hillairet, the disappearance of erections and attacks 
of dizziness. "Not infrequently, by the stagnation of secretion, condensed, 
caseous masses are formed, Avhich may, by decomposition, lead to caries of 
the bone and to fatal complications. 

Recovery by the spontaneous shriAmlling up of the polypb 
which seldom occurs, is produced by the growth of the endothe- 
lial cells in the bloodvessels; on the other hand, spontaneous 
mortification and the discharge of a polypus Avith a small pedicle, 
A'^ery often take place if the vessels in the root are constricted 
by torsion of the groAvth, At times polypi Avith broad bases 
are also cast off in consequence of gangrene for which there is 

* W. Kiselbach, Beitrag zur Histedogie der OTirpolypen [Monat. f. 
Ohrenheilh., 1887). 

t An excellent paper on the histology of aural polypi, with splendid illu.stra- 
tions, has been published by Bosio in his monograph, Ricerclie tstologmcne 
sui pdipi della cassa del tympana, Erapoli, 1902. 



DIAGNOSIS OF AURAL POLYPI 


617 


no demonstrable cause. Termination in atresia of the meatus by- 
adhesion of the polypus to the walls of the auditory canal has 
already been described (p. 237). 

-Diagnosis. — As a rule, the diagnosis of aural polypi is not 
very difficult, and is readily -made on inspection. Only in rare 
cases is it possible to confound these growths with a strongly- 
bulging membrana tympani deprived of its epidermis [vide 
p. 351), with exostoses covered with inflamed cutis (p. 235), 
with granulations growing out of fistulas in the meatus, and with 
those malignant neoplasms which protrude from the tympanic 
cavity in the form of polypi (see later). The rapid recurrence 
after repeated removal of the growths, the co-existent infiltration 
of the neighbouring lymph-glands, and especially the appearance 
of sections under the microscope, soon reveal the nature of the 
growths. 

As regards operative treatment, it is very important to find 
the place of origin of the polypus, as the manner of procedure 
is essentially different according to whether it grows from the 
external auditory canal, the tympanic membrane, or the middle 
ear. In the case of a small, long or thin polypus it is often 
possible, with the' use of the probe, to ascertain its place of origin. 
In those oases, however, in which the polypus fills the entire 
rneatus and only its outer end is visible, the finding of its root is 
much more difficult. The author uses a blunt probe curved at a 
right angle, the outer end of which is marked off in spaces of 
5 mm. in order to measure the distance of the root from the 
external orifice of the ear. The examination is carried out as 
follows : The point of the probe is introduced between the polypus 
and the wall of the meatus, and while the instrument is passed 
around the growth it is gradually advanced into the deeper parts. 
When the instrument reaches an obstacle which prevents its 
circular movement, it may be assumed that this obstacle is the 
root of the polypus. 

In those cases in which an obstacle is met with at a depth less than 16 mm., 
it may be justly assumed that the root of the polypus arises in the external 
auditory meatus. In cases in which the obstacle is reached at a greater depth, 
the location of the root can no longer be positively ascertained. By means 
movements of the probe it is also sometimes possible to ascertain 
the width of the root of the polypus. The greater this distance, the broader 
the root. If the polypus is found to be very movable, it is quite probable 
that the_gro^vth possesses a narrow and thin pedicle; if, on the other hand, the 
gro-wth is but slightly movable, it may be assumed that the root is broad. 
In exceptional cases, a pol 3 rpus growing from the tympanic cavity may be 
adlierent to the walls of the meatus, and thus simulate a polypus of the meatus. 

When there is a large perforation of the tympanic membrane, 
and the polypus does not fill the whole opening, the growth 
may be traced into the tympanic cavity (Fig. 274) with the 
careful use of the probe. If, however, the polypus is closely 
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surrounded by the edges of the perforation and constricted, the 
differential diagnosis between a polypus of the membrane 
and of the tympanic cavity is made more difficult. In such 
cases only the removal of the growth and the eventual view 
of the perforation will reveal the seat of the polypus. When 
there are polypi of the tympanic cavity which are hidden by the 
remnant of the membrana tympani or by the wall of the attic, 

the author has repeatedly been suc- 
cessful in bringing a part of the 
growths into view by rarefying the 
air in the external meatus with 
Siegle’s speculum. In large defects 
of the tympanic membrane, the 
author was also able to diagnose the 
presence of polypi in the attic by 
means of the small tympanic mirror 
(p. 413). 

Another, though not a certain, 
guide for ascertaining the seat of 
polypi is the external appearance of 
the growths. The pale red, pearl- 
gray polypi, wffiich are covered with 
pavement epithelium, and have a 
smooth or moderately uneven surface, 
usually grow from the external auditory canal, while the sodden, 
red, vascular, raspberry-shaped growths, wffiich have a nipple- 
like papilliform surface, and are covered 'with ciliated epithelium, 
usually arise from the tympanic cavity. These peculiarities, 
however, are of diagnostic value only if taken in conjunction 
with the results of examination with the probe. 

Prognosis. — The prognosis is more faAmurable with polypi of 
the meatus, inasmuch as their radical removal is more readily 
accomplished than with polypi of the tympanic cavity, which, 
as is well known, frequently recur if their roots are situated 
in the depressions of the tympanic cavity, ■which are inaccessible 
to instruments. The following conditions make the prognosis 
unfavourable: The formation of caseous, septic masses in the 
deeper parts of the ear which is associated with simultaneous 
painful caries of the temporal bone, marked sj'^mptoms of pus 
retention, and the development of symptoms indicative of a 
pyffimic or cerebral complication. 

Treatment. — (1) Operative Treatment, 

(a) Avulsion. — This method of treatment is indicated only in 
those cases in which the aural examination shows that the polypi 
have their seat in the external auditory canal. Avulsion ^ muc 
more certain of success and quicker than the other methods o 



Fig. 274. — Polypus op the 
Tyisipahic Cavity grow- 

IKG THROUGH THE PER- 
FORATION, 

In a girl, aged sixteen, who, had 
suffered from otorrhoia for 
one year. Acoumeter= 2 m.; 
whispered speech= 6 m. 
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operation in which the polypns is either cnt off or ligated. In the 
latter method, the destruction of the remaining fibrous roots 
requires a period of several weeks or months, whereas after avul- 
sion, by which the root is generally removed with the growth, the 
suppuration often ceases within a few days. In addition to this, a 
recurrence is not so often observed after avulsion as after excision 
or ligation, inasmuch as by the latter methods, the root of the 
growth must be destroyed by subsequent cauterization. 

Before removing an aural polypus the external auditory 
canal is cleansed by syringing, and then filled with a 3 or 5 per 
cent, solution of cocaine to which a few drops of adrenalin have 
been added, and allowed to remain for five or ten minutes. 
By this procedure the operation for the removal of the growth 
may be performed almost without pain and with a very^ slight 
loss of blood. Erey proposed a method, by which he injects a 
few minims of a 1 per cent, cocaine solution, to which adrenalin 
solution has been added, directly into the polypi. This procedure 
is much more reliable and is usually free' from pain. It works 
particularly well with large growths and is not accompanied by 
any unpleasant sequel®. 



The avulsion of a polypus in the meatus is accomplished with 
Wilde’s snare (Fig. 275), the wire loop of which is pushed over the 
polypus until it reaches a point near the root of the growth, and 
tightened only as much as is necessary to catch the polypus 
securely. A moderate pull generally suffices to remove the growth 
completely. In oases of soft polypi, however, avulsion by means 
of the snare is seldom complete, as the soft tissue is easily cut 
through by the wire, and part of the growth remains behind. 

Fibrous polypi, wjiieh are so firmly connected with the osseous 
wall that avulsion is impossible even with strong traction, are 
best constricted with Wilde’s snare. The manner of procedure 
IS as follows: The instrument, after its loop has been tightened 
f u ® twisted on its long axis until a resistance is 

felt, the wire is then cut off with a pair of scissors close to the 
cross bar, and the instrument removed from the ear. By means of 
the twisted wire loop which is left in the ear, the blood-supply to 
the polypus is cut off; this causes rapid mortification, and the 
growth IS cast off within a few days. In a few cases the root was 
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discharged with the peripheral, constricted portion of the polypus 
(Pig. 276). If the constricted polypus does not fall out at the 
end of a few days, we may try to extract it by catching hold 
of the ends of the ligature with a pair of dressing forceps; if, 
however, the obstacle still proves too great, we must increase 
the torsion by twisting the wire and allow it to remain a few 
days longer. 

Great care must be used in doing avulsion, as the polypus may 
be firmly united with the tegmen tympani. If we use too much 

traction the bone may come away with 
the growth, thus causing an exposure 
and even injury to the dura. Such an 
unpleasant occurrence may bring about 
a secondary basilar meningitis with fatal 
termination. It is, therefore, always 
advisable to be as gentle as possible in 
the extraction of aural polypi, and to 
take away a little at a time. 

(b) Removal with Instruments. — In 
the ease of large polypi, the roots .of 
which are so deep that, with the use of 
the probe, we cannot ascertain with certainty whether the 
growths arise from the external meatus, the membrana tympani, 
or the tympanic cavity, avulsion, owing to the danger of tearing 
out one of the ossicles, the cochlea, or the tegmen, should always 
be avoided, and excision of the polypi should be undertaken 
instead. 



Fig. 276. 

o. Root; 6, Place of con- 
Btriction; c, Wire ligature. 


For this purpose Blake’s polypus snare (Fig. 277), wliich consists of a 
movable metal cannula, into ■winch the wire loop can be completely dra-wn, or 
the snare devised by Ruttin (Fig. 278) may be used. The advantage of this in- 
strument is that it can be made large or small in the meatus to any desired 
size, whereby it is possible, when there are large polypi filling the meatus, to 
push it through the n.arrowest part of the canal, and again enlarge it in the 
deeper, wider portions of the meatus, and to grasp the gro'wth at its root. 
An annealed steel wire, O-lmm.inthicluiess, or a thin platinum wire, is the best; 
A. H. Buck recommends malleable steel wire. No. 37. The oval loop should be 
preferred to the round. In cases in which the polypi grow from the posterior 
superior wall of the meatus, or from the tympanic cavity, the loop, as it is 
being introduced, must always be curved somewhat downwards, so that the 
anterior portion of the loop may glide inwards along the anterior inferior wall 
of the meatus, and the posterior portion along the superior wall. In order 
to pass the loop more easily over the groudih, it is advisable not to push the 
instrument directly forwards, but to advance it with a gentle rotatory move- 
ment. 

If fhe snare has been introduced until it is in the neighbour- 
hood of the membrana tympani, the polypus is cut off by 
gradually tightening the snare, and removed from the ear either 
along with the instrument or by syringing. The haemorrhage, 
which is usually slight, is soon stopped by injections of cold water 



OPERATIVE TREATMENT OF AURAL POLYPI 621 

or by the instillations of peroxide or adrenalin solution. Severe 
hcemorrhage is arrested by inserting cotton or gauze tampons 
firmly into the meatus. 



Only after the removal of the bulk of the polypus is it possible 
to ascertain the seat of the root and to find out whether there 
are other polypi in the deeper parts of the ear. 

If the perforation is small and the membrane bulged out by the 



polypi, the former must be widened by an incision, so that the 
instrument can- be introduced into the tympanic cavity. The 
most favourable results are obtained in cases in which the growths 
spring from the internal wall of the tympanic cavity. On various 



Fig. 279. — Poutzer’s Ring Knife. 


occasions when small polypi in the attic were recognized with a 
sinall tympanic mirror, the author was able to remove them 
with a small curette bent at right angles to the handle. 

Small, soft polypi and granulations in the external auditory 
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canal, or on the posterior and inferior walls of the tympanic 
cavity, are best removed with the author’s ring-knife (Fig. 279). 
The removal of the growths with this instrument is more com- 
plete than with the wire snare. 

The ring-knife, which is inserted into a handle (p. 287, Fig. 131), can be 
turned in any direction. It is 7 cm. long, and has on its anterior end a 
concavo-convex ring, the inner margin of which is very sharp. The diameter 
of the ring varies from 3-3J mm. to 1^—2 mm. When the growths are on the 
inferior and posterior walls of the tympanic cavity, the author uses instru- 
ments in which the ring is bent at different angles to the long axis of the 
instrument. 

In the case of small, round polypi and granulations in the 
auditory canal, the instrument is pushed forwards to the growths 
and its convex surface pressed against them until a firm base 
is felt. The instrument is then quickly withdrawn, whereby the 
growths are cut from their bases, and, while they are still 
adherent to the concave surface of the ring, removed from the 
meatus. The parts are anaesthetized with powdered cocaine, 
which is applied by means of the moistened end of a probe. 

This procedure is suitable also for the removal of larger growths 
with thin pedicles. The knife is pushed to the place where the 
polypi arise, and the ring is pressed against the roots, which are 
cut through by the quick withdrawal of the instrument. 

If the polypoid growths are on the superior portion of the 
tympanic membrane, they will sometimes be found to completely 
embed the handle of the malleus; if there is a large defect in the 
membrana tympani and the malleus is found to be in a carious 
condition, it should also be removed. 

Polypi with thin pedicles are often detached and washed out 
of the ear by forcible syringing. According to Lowe, attempts 
should first be made to remove the growths by this procedure 
before resorting to any operative measures. 

(c) Macerating or Crushing. — Macerating or crushing is in- 
dicated when large portions of the growth, which cannot be 
caught by the snare or removed with the ring-knife or sharp 
curette, remain on the membrana tympani and inner tympanic 
wall, and which are nevertheless so large that their removal by 
caustics or by the galvano-cautery would take too long. 

For this purpose we may use a small pair of dressing forceps, introduced into 
practice by the author. This instrument has a Icnee-shaped bend, and is 
deeply grooved on its inner surface, the anterior end being either quite straight, 
or (for growths on the inner section of the bulged anterior inferior wall of the 
meatus, or on the floor of the tympanic cavity) bent at an angle (Fig. 280). 

This procedure must be continued until no more of the.gro^Hh can be 
caught mth the forceps, and only flat remnants remain. For these remnants, 
as Avell as for small gro^vths in the meatus, on the remnant of the tympanic 
membrane, and in the tympanic cavity, Hartmann’s forceps (Fig. 281) has 
proved most serviceable. The soft remnants of the intratympanic polypi 
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■\vliicli cannot be seized witli the instrument, sometimes slrrinlc after the con- 
tinued use of alcohol or after the application of strong solutions of silver nitrate 
and caustics. 

{d) Treatment with the Galvano-Cautery.^ — The remnants of 
polypi and small granulations can be destroyed with the galvano- 



Fig. 280 . — ^Politzeb’s Polypus Pobceps. 


cautery when they cannot be removed with the sharp curette 
or ring-knife. Cauterization should be used only when the 
growths are situated in the external auditory canal, and on the 



Pig. 281 .-— Haktjiann’s Aueal Pobceps. 


outer surface of the membrana tympani. Cauterization of the 
tissue around fenestrae of the labyrinth, or of the portions of the 
tympanic cavity which are not visible, should be avoided, as 
this method often sets up a very marked reaction. The great 
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advantage of the gal vano- cautery over the other methods of 
cauterization is that the growth is, as a rule, more rapidly and 
more thoroughly destroyed, that it scarcely ever produces a 
severe inflammatory reaction in the meatus, and that the roots 
of the growths shrivel up much more quickly. Before using 
the gal vano- cautery, the parts should be thoroughly anaesthe- 
tized. 

The number of applications of the galvano-cautery varies 
according to the size and consistency of the growth. Small, soft 
granulations often disappear after one or two applications. 
Tough remnants, however, must be repeatedly cauterized before 
they are completely destroyed. ' The galvano-cautery snare, after 



Fig. 282. — Galvano-Oauteby Points (Half-Size). 

the use of which cicatricial strictures of the meatus have been 
observed, should be used only in exceptional cases — in other 
words, for fibrous growths or for those which cannot be removed 
by other means. 

For cauterization ivith the galvano-cautery, delicate cauter 3 '-pomts of various 
shapes are sufficient in most oases; on the other hand, for grou'ths extending 
over a large area, flat points, rounded at the end, and capable of being bent 
in all directions can be used (Fig. 282). 

(2) Treatment with Drugs. 

(a) The Destruction of Polypi with Caustic Drugs. — Of all 
the cauterizing agents, the author has found the perchloride of 
iron (liquor ferri sesquiclilorat.) the most useful. It penetrates 
much more deeply into the tissue even in cases of hard, fibrous 
growths, causes mortification and separation of the growths 
much more quickly, and seldom produces much pain. In 
every case, before applying this drug, we should thoroughly 
cocainize the parts. Cauterizing with solid silver nitrate some- 
times acts very well, causing the polypi to contract within a 
short time. 

Perchloride of iron is applied by means of a probe, a small brush, or a cotton 
applicator dipped into the solution. Cauterization is repeated only after the 
crust has fallen off. In the case of hard growths, the author not infrequently 
used a crystal of the perchloride of iron. In order to limit its action, and to 
protect the normal parts of the auditoiy canal, a small crystal is taken with a 
pair of forceps, introduced up to the growth, and held there with a plug of 
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cotton. T]ie percliloride of iron crystal, which rapidly melts, penetrates the 
tissue and forms a crust without causing any great pam. The crystals are 
particularly recommended for hard, broad-based growths of the osseous 
meatus. 

(b) Treatment with Alcohol. — This drug is, in many cases, 
of excellent value in the treatment of aural polypi and granula- 
tions, and is especially suited for : 

1. The removal of the remnants of polypi in the auditory 
canal and on the tympanic membrane. 

2. The treatment of intratympanic polypi and the remnants 
of polypi which have a tendency frequently to recur, and which 
can seldom be entirely removed hy operative means. 

3. Multiple granulations in the external auditory canal and 
on the tympanic membrane. 

4. Diffuse, excessive proliferation of the mucous membrane of 
the middle ear. 

5. Cases in which, owing to the mechanical obstruction in the 
external meatus (exostoses, strictures), the removal of polypi or 
granulations cannot be effected with instruments. 

G. Individuals who dread operations. 

The treatment of aural polypi with alcohol is contra-indi- 
cated in painful inflammation of the meatus, in caries of the 
middle ear, and in cases in which, after its instillation, there is 
severe pain, headache, dizziness, or nausea. 

Before using alcohol, the ear must be carefully cleansed and 
dried with a plug of cotton. After this, the alcohol is warmed 
and poured into the meatus, where it is allowed to remain for 
five to ten minutes. If pure alcohol cannot be borne,‘it is better 
to begin with a solution containing f to | water, and to gradu- 
ally increase its strength. The instillations should be repeated 
several times a day, and continued until the polypus has com- 
pletely disappeared by reason of its shrinking. The duration of 
treatment varies from two to six Aveeks and OAmr [vide p. 430). 

By this treatment, not only the remnants of polypi and the 
granulations will be made to shrivel up, but large fibrous polypi 
filling the external meatus Avill also be made to disappear 
completely. The effect of alcohol on the size of the polypus is 
often made manifest only after its use for several weeks. From 
the time when a diminution in its size is noticeable, the process 
of shrinking goes on very rapidly. 

The treatment Avith alcohol is successful only Avhen it is used 
daily for weeks and months. As the alcohol treatment is of long 
duration, one should, in all cases in AA'hich it is possible, remove the 
greater part of the polypus by operation in order to shorten 
the time of treatment, and then begin the use of the alcohol so as 
to shrink the roots of the polypus Avhich liaAm been left behind, 
and Avhich cannot be reached with instruments. The author has 
noAmr seen unpleasant results follow the use of alcohol. 


40 



626 


DISEASES OF THE EAR 


Among tlio rare growths in the soimd-eonducting apparatus must he 
mentioned the enehondroina originating in the eartilage of the meatus 
(Launay, Gaz. des Hop., 1861), and the thorn-shaped chondroma on the 
anterior wall of the osseous meatus (Fig. 283). Other rare growths which arc 
also met with are: the chondroma of Gomperz, the chondromyxomata of the 
cartilage of the ear (Haug), and the o.stcomata of the mastoid process, ilov- 
able osteomata in the meatus and on the mastoid process have been descriled 
by Eulenstein and Urbantschitsch. Cylindromata or myxomata car tilagineum 
of the auricle must also be mentioned, as well as adenomata of the sebaceous 
glands in the external meatus, lipomata on the auricle and in the meatus, pe- 
dunculated papillomata on the upper wall of the meatus covered with normal 
integument, a papilloma covered with hair on the superior wall of the left 
meatus, and a melanotic naevus of the shin. The author observed a ease of 


IDsammoma of the dura mater the size of a hazel-nut ; the growth Avas seated 
above the tegmen tympani, penetrated into the middle portion of the tympanic 
cavity, and bent the tendon of the tensor tympani strongly doATOAvards; the 
occurrence of such a groAvdli is A'cry rare. A highlj' exceptional condition is 
the formation of A'arices on the t 3 'mpanic membrane, as described by Eolircr 

( Vers.dciitsch. NatnrJ. v. AciztcinlliinchenASdd), 

' - ' ^ and an intra-tympanic groAA’th observed bj' J ansen, 

the construction of AA’hich shoAA'cd great similarity 
to the thyroid gland {Bar. d. deuisch. ololog. 
GpscUsrh. in Wurzhvrg, ISOS). 

There are still to be mentioned the sarcomata, 
hnoAvn as atj^pical connective-tissue tumours, 
Avhich, in the majority of cases, present the same 
malignant characters as the carcinomata, and 
Avhich occur, as a rule, onlj' in young indiAuduals. 

Roudot (Gaz. mid. dc Paris, 187.5) observed a 

OQQ sarcoma the size of a Avalnut, AA-hich inA’olved the 

™ ^ »■«> ‘™s»s; the gro^-u, a twenty ycarf 

AOT-i 99 Hartmann (Z. /. 0., vol. viii.) describes an 

interesting case of round- celled sarcoma of the 
middle ear in a boy tlirce and a half j'ears of age; 
the groAAdh developed during the course of an acute suppuration of the 
middle car, and caused death after fiA’^e months’ duration. Orne Green 
{Arch, of Otolog., vol. viii.) reported a case of round-celled sarcoma groAA’ing 
from the carious Avail of the osseous meatus, and Haug {A.f. 0., vol. xxx.) 
a case of m3T£Osarcoma of the tympanic caA'ity and mastoid process of a 
girl eighteen years of age. An angiosarcoma Avith caries of the Avails of 
the meatus has been described by Milligan, a fibrosarcoma at the ■pharjmgeal 
orifice of the tube by Haug, a fibrosarcoma Avith giant cells by Castex, 
and a lymphangiosarcoma in the meatus by Cohen Servaert {A. f. 0., vol. 
xliii.). Lannois {Eemie hebd. de laiyng. cl otolog., 1898) describes a case of 
adenocarcinoma originating in the sebaceous glands of the auricle, and Nado- 
leczny (A ./. 0., vol. xhfii.) an endothelioma of the auricle. Stacke and Kretscli- 
mann (A. f. 0., Ami. xii.) liaAm observed a spindle-celled sarcoma in the meatus 
Avhich resembled a polypus; Robertson (Transactions of the American Otological 
Society, 1870) reported a similar case. 

Of mixed sarcomata, the osteosarcoma must be mentioned, Avhich AA'as 
observed in four cases by Wilde (loc. cit.), Wishart and Bnke (IF. med. Halle, 
1863), and which, according to these authors, originated in the middle ear. 

Attention must still be called to a fcAv pathological groAvths in the sound- 
conducting apparatus Avhich do not strictly belong to new formations. -As 
such must be mentioned the so called ‘ retention tumours ’ : the milium in the 
external auditory canal, the atheroma of the lobe, and the endothelioma and 
cysts of the auricle. The last of these, seated on the posterior surface of the 
auricle, may attain an enormous size. In a case observed by the author the 
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tumour was twice the size of the auricle; after it was opened, a yellowish 
fluid, mixed with a sandy mass, was discharged. After partial excision of 
the sac and the cutaneous covering, cicatrization was brought ahmit by 
repeated cauterization of the wound with a solution of silver nitrate. ^ Hessler 
{A. f. 0., vol. xxiii.) observed the formation of cysts on the auricle after 
othaimatomata of traumatic origin. _ t • 

Before leaving this subject, we must mention partial or complete ossification 
of the auricle, as described by Gudden, Bochdalek, and Schwahach {Deutsche 
mcd. Wochenschr., 1886); ossification of the walls of the cartilaginous meatus; 
calcification and the deposition of urates in the cartilage of the ear of gouty 
patients (Garrod); and syphilitic gummatous tumours on the mastoid process. 
According to Wasmund, the exact amount of ossification of the auricle may he 
ascertained by the Roentgen rays. 


II. Epithelial New Formations. 

Epithelial now formations develop mo.st frequently on the auricle and in 
the external auditory canal, less frequently in the tjnnpanic cavity and 
mastoid process. The epithelioma is usually developed in the slciii on the upper 
part of the helix, and spreads from here — at first gradually, and then very 
rapidly — over the greater part of the auricle, the cartilage of which becomes 
ulcerated and perforated in several places. 

If an epithelioma of the auricle is not excised at the proper time, it extends 
to the side of the head and neck, to the external auditoiy canal, from here to 
the middle ear, until, finally, the rest of the bones of the bead and the cranial 
cavity become involved in the process. This destruction may reach such a 
degree that not only the middle ear, but also the deeper parts of the skull, 
become involved, causing a fatal termination. 

Treatment. — ^The ;treatment of epithelioma of the auricle depends on the 
extent of the growth. If the neoplasm is confined to a circumscribed part of 
the cutis, destruction of the new growth -with the galvano-cauteiy or lunar 
caustic, or by curetting it with the sharp spoon, and subsequently applying 
fuming nitric acid, is often sufficient to bring about a cure. In cases in which 
the ulcerative process is very extensive, partial or complete amputation of 
the auricle is indicated. This operation should always be determined upon 
before the gro^vth has reached the external auditory orifice, for if performed 
later, it will not bo attended with success, owing to the invasion of the cancer 
cells into the neighbouring parts and into the lymph-glands. Defects of the 
auricle produced by amputation may be replaced by an artificial auricle or by 
plastic surgery. 

An epithelioma of the external auditory canal develops with symptoms 
of moist eczema, or with the formation of circumscribed crusts, which are 
frcquentlj’’ scratched off owing to the great itching; this finally leads to the 
formation of an ulcerated surface, which spreads outwards towards the auricle, 
and inwards towards the tympanic membrane. Sometimes the appearance of 
the growth is preceded bj’^ great pulsating pains and a circumscribed loosening 
of the wall of the meatus, where, after some weeks, an ulcerated, red-spotted, 
secreting surface with jagged edges is formed. Beside the spongy growths 
depressed places are seen, in which the white cartilage of the ear and the wall 
of the osseous meatus are exposed. Epithelioma of the meatus usually ends 
in death after long-continued pain, facial paralysis, and ulcerating infiltration 
of the external region of the ear. The fatal result is generally caused by 
extension of the growth to the middle car and labyrinth, and from here tc the 
cranial cavit 3 % girnng rise to cerebral sj'mptoms. Manasse observed a case of 
cylindric-celkd cancer of the external auditory canal which originated from 
the ccrummmis glands; after extirpation of the growth, cicatrization took 
place [A. j. 0., vol. xli.). Haug saw an endothelial cancer of the external 
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meatus and middle ear, -winch broke into the cranial cavity, and which was 
associated with paralysis of the recurrent laryngeal and hj^poglossal nerves 
(A. f. 0., vol. xlvii.). 

Epitheliomata in the middle car and mastoid process arise, according to the 
observations of Toynbee, Wilde, Schwartze, Lucae, Kipp, Briihl, and others, 
either during the course of an existing suppuration of the middle ear, or after 
the cessation of a carious process in the temporal bone. For this reason, the 
groAvths protruding through the perforation in the tympanic membrane are at 
first mistaken for granulations or poli^ii, till their rapid recurrence after 
repeated removal and their appearance under the microscope reveal their 
malignant nature. The course is characterized by intense pain, facial paralysis, 
profuse hsemorrhages, and infiltration of the lateral cervical glands. A fatal 
result is usually caused by meningitis, abscess of the brain, sinus-thrombosis,* 
or metastases in other parts of the bod 3 '. 

At times malignant growths from the neighbouring organs extend to the 
temporal bone. In Knapp’s case (Z. f. 0., vol. xi.) a chondrosarcoma of the 
parotid gland extended to the cavum tjnnpani and cranial cavitj'; in Pomero 3 '’s 
case {Amer. Jottrn. of Otol., vol. iii.) an intracranial mj'xosarcoma which origin- 
ated in the middle and posterior cranial fossa; ended fatally with brain sj-mp- 
toms; in Bonnafont’s case (loc. cit.) a carcinoma of the parotid gland extended 
to the ear. 

The extension of cancer of the tongue and of the superior, maxillary bone 
to the Eustachian tube has been observed by the author. In these cases there 
were sj'mptoms of otalgia and closure of the tube on the alTcctcd side. In one 
case there was a serous accumulation in the tympanic cavity. The tone of a 
vibrating tuning-fork placed on the vertex was alwaj's perceived better on the 
affected side. The jiosl-mortcm examination showed that the gro-^rdh had 
extended to the basilar fibro eartilage. and to the connective tissue surrounding 
the cartilaginous portion of the Eustachian tube. The entire tube appeared 
embedded and compressed in a fattj^ infiltrated mass which surrounded it. 
In microscopic sections, the epithelial neAV formation was seen in the form of 
cones and neks, or in some s])ecimcns, as cancroid corpuscles reaching close 
to the cartilage of the tube. The cartilage of the tube itself was not affected 
at any part by the cancerous mass. On the otJier hand, in the membranous 
portion of the tube, scattered canccr-ncsts were found, which did not, however, 
reach to the epithelium. Manasso {DentxcJicr Otologcntag, 1904) described a 
primary endothelioma of the middle car— that is, of the petrous bone. 


NEUROSES OF THE SOUND-CONDUCT- 
ING APPARATUS. 

1. Otalgia, 

Otalgia is caused by an affection of the sensory nerves suiiply- 
ing the organ of hearing. It occurs either as a localized ear 
disease or as part of a trigeminal or cervico-occipital neuralgia. 
Not infrequently the pain in the ear radiates from the teeth, 
from the maxillary joint (Kretschmann)t or from the larynx 
(E.ohrer).| It occurs more frequently in females and is often of 
a hysterical nature. 

Neuralgia of the auricle is usually limited to a circumscribed 

* Cp. Kretschmann, A.f. 0., vol. xxiv.; and Zeroni, A.f. 0., vol. xlviii. 

t ArcMv f. Olirenhejlh., vol. Ivi. 

j Schweizerisclie ZeitscJirift f. Zalinlieilk., vol. x. 
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part,. On the anterior surface it is due to an affection of tho 
trigeminus (auriculo- temp oral nerve), on the posterior surface to 
an affection of the ascending branches of the superficial branches 
of the cervical plexus (auricularis magnus and occipitalis minor 
nerves). Besides the painful point on the auricle, another point 
of tenderness is often found on the mastoid process (Valleix’s 
mastoid point). By slight touch or pressure, the pain is 
increased; by great compression, however, it is sometimes dimin- 
ished. A transitory congestion and swelling of the affected 
parts sometimes qccur during an attack. 

Otalgia of the external auditory canal can be diagnosed only' 
when the pain is localized in the cartilaginous section; when the 
pain is localized in the osseous portion, it is impossible to dis- 
tinguish between an otalgia of the auditory canal and an otalgia 
of the middle ear. 

Neuralgia of the tympanic idexus, which is made up of branches 
of the trigeminus, sympathetic, and glosso-pharyngeal nerves, 
occurs either as a local neurosis or as part of a neuralgia of the 
third cranial nerve, more rarely of the second branch of the fifth. 
In the latter case the otalgia is confined to the middle ear, while 
if the third branch of the fifth nerve is affected neuralgia pains are 
experienced in both the external and middle ears. The mastoid 
process is rarely the seat of a persistent pain, and when auch is 
really the case, it occurs in adhesive processes and in suppurations 
of the middle ear. The author has repeatedly observed a con- 
tinuous neuralgia due to a firm cicatrix after mastoid operations. 

Etiology. — The causes of otalgia are: Cold, ancemia, hysteria, 
neurasthenia, sexual derangements, perineuritis and pressure 
on the nerve trunks, exostoses in the interior of the cranium, 
hyperaemia, inflammation of and new growths in the Gasserian 
ganglion, tumours of the brain,* caries of the cranial hones and 
cervical vertebras, and the action of severe noises. The author 
has frequently observed a persistent otalgia in carcinomata 
of the superior maxilla, and in the retropharyngeal region; 
it is described as an early symptom of cancer of the tongue by 
Richard and Korner. One of the most frequent causes of otalgia 
in children is carious teeth, as well as ulcers in the larynx and in 
the neighbourhood of tho pharyngeal orifices of the Eustachian 
tubes. ^ When associated with herpes zoster of the face it is part 
of a trigeminal neuralgia. 

The attacks are usually intermittent, and are characterized by 
severe tearing and boring pains in the interior of the ear, wliich 
last several hours, and generally return at irregular intervals. 
The course of otalgia is often typical. 

* ICrcpuska (Gcsc?/. der vngar. KchlkopJ- nnd Ohrendrzte, ISO") roporis 
a case in which a sarconm of the Gasserian ganglion caused a severe otalgia 
Avhich could not be alleviated. In a child observed by Spira, an otalgia was 
the only initial sjaiiptom of a severe diphtheria {Przcqiad lekarski 1 899).'^ 
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The occurrence of a form, called by the older authors intermittent otalgia, 
has been confirmed by Voltolini, Weber-Liel, and Orne Green.* The author 
observed that intermittent otalgia occurred usually in the spring, and in indi- 
viduals who lived near marshy, damp districts. Intermittent otalgia may be 
attributed to malarial infection (intermittens larvata) only when other symp- 
toms point to such a condition, as an enlarged spleen, etc.f 

Kaufmann [Wim. med. Blatter, 1896) describes a form of otalgia which 
accompanies influenza; the affection is made evident by severe pain in the 
ear, which begins with fever and general symptoms (headache, pains in the 
joints, depression) and lasts several days. The condition of the tympanic 
membrane during these attacks is normal. ) 

o 

During an attack of otalgia, subjective sensations of hearing 
and deafness, as well as hyperjesthesia acustica, sometimes occur, 
and there is not infrequently a liypertemia and liyperassthesia of 
the auricle and temple, which disappears after the attack. Loud 
noises near the patient increase the pain. 

Course. — Otalgia runs an acute or chronic course. In the 
former case the neurosis lasts for a few days or weeks, and 
appears in irregular, rarely regular, intervals. The course of 
chronic otalgia is uncertain; the attacks often occur at intervals 
of weeks or months, and may last for years. Cases of chronic 
otalgia having a typical course are seldom observed. In one of 
the author’s cases, the attacks occurred regularly on the left side 
for ten years. These came on every month, or every second 
month, and ended, after several hours’ duration, in a sound sleep. 
Eadiating otalgia, or that combined with neuralgia of the trige- 
minus, depends on the course of the original disease. 

The differential diagnosis between otalgia and pain due to an 
inflammatory condition, is made by the absence of inflammatory 
phenomena in the ear. If a case is really one of otalgia, it must 
be determined whether it is a local neurosis or part of a trigeminal 
or cervico-occipital neuralgia, or whether it is a pain radiating 
towards the ear. The teeth must, therefore, be carefully exam- 
ined in every case; if they are diseased, it may be assumed that 
they are the probable cause of the otalgia. If symptoms of a 
pharyngeal or laryngeal affection are present, we must ascertain 
by careful examination whether the pain in the ear is not due 
to these conditions. 

The connection of otalgia with neuralgia of the fifth cranial 
nerve and cervical plexus may be ascertained by examination 
of the known painful points {points douloureux). In trigeminal 
neuralgia, either all or only a few spots are painful on pressure. 
In such cases the otalgia is frequently so marked that it is only 
by ascertaining the painful points that the existence of an exten- 
sive neurosis of the trigeminus is discovered. 


* Neuralgia in and about the Ear {Transactions of the American Otol. Soc., 
vii., 1875). 

Co.ste, Contribution a V etude cliniqtie des otities et des otalgies palustres 
{Arch, dc med. ct pharm. mil., 190G). 
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Prognosis. — TIig prognosis of otalgia is, in the acute typical 
cases generally favourable, even if the affection is part of a 
trigeminal neuralgia. The prognosis is also favourable if the 
affection is due to a carious tooth. It is, on the other hand, 
unfavourable in cases of protracted neuralgia of the fifth cranial 
nerve, especially if it is due to a cerebral affection, or to an irre- 
mediable compression of the affected- nerve-trunk. Other un- 
favourable conditions are; aneemia, marasmus, long-lasting 
syphilis, tubercular ulcers in the larynx, and a carcinoma in the 
region of the Eustachian tube. 

Treatment. — The treatment of otalgia depends on the cause 
and duration of the disease. If dental caries is the cause of the 
affection, the patient should have his teeth attended to. _ In cases 
of acute otalgia, localized or associated with neuralgia of the 
fifth cranial nerve — whether the attacks occur irregularly or 
periodically — quinine or any of the antineuralgic medicaments, 
such as phenalgin, antipyrin, etc., may be given. In the typical 
form, quinine (0‘25-0'5 gramme at a time) administered two or 
three times in the course of two or three hours before the attack 
sometimes has a beneficial effect. The action of quinine is often 
increased by the addition of iodide of potassium (1 of quinine to 
2 of potassium iodide). 

When the affection is associated with syphilis, salvarsan injec- 
tions must be given in addition to large doses of potassium iodide. 
During severe attacks it may be necessary to administer morphine 
internally or by subcutaneous injection. 

In the chronic forms treatment seldom produces any striking 
results; sometimes, however, by the use of one or the other 
remedy, the attacks become milder and less frequent. The 
internal remedies which are most commonly employed are quinine 
iodide of potassium, iodide of sodium, iodipin 2-3 grammes 
daily (Nobel, Pins), arsenic (Fowler’s solution), bromide of soda 
1-0-2-0 grammes a day, the more recent liquor arsen. (Pearson), 
salicylate of soda, iron, oil of turpentine (5-10 drops in capsules), 
atropine (0* 0005-0- 002 gramme a day), pyramidon 0-3-0- 5, citro- 
phen 0-5, antipyrin 0-5 a day, cephaldol 0- 5-1-0, aspirin 0- 5-1-0. 
indoform 0- 5-1-0 pro dosi, anfesthesin 0-25-0-6 pro dosi, and 
oxide of zinc, the last mentioned either alone or in the form of 
Meglin’s pills (zinc, oxid., rad. valerian., aa 10-0, ext. hyoscyain. 
nigr. l-0,_ ft. 100 pills; the dose to be gradually increased from 
1 to 30 pills and then gradually diminished). 

Of the external remedies, vesicants to the mastoid process have 
sometimes proved effectual, as have also the endermic inunctions 
of morphine or veratrine ointment, and narcotic plasters. In the 
obstinate acute, as well as in the chronic forms, galvanization 
may be tried, as it very often causes a considerable improve- 
ment when all other means fail. According to Erb, when 
applying the galvanic current the anode pole should be placed 
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on the ear and the cathode pole on the neck. The faradic 
current, owing to the frequent coexistent hypersesthesia of the 
skin, is, as a rule, not recommended. 

In cases in which the pain affects the entire region of the ear, 
and is increased upon pressure between the ramus of the jaw 
and the mastoid process (corresponding to the course of the 
cartilaginous portion of the Eustachian tube), a considerable im- 
provement sometimes takes place after repeated massage; by this 
procedure a complete disappearance of the otalgia has even been 
known to occur within several days. If, after a suppuration of 
the middle ear has run its course, a neuralgia of the mastoid process 
occurs which cannot be alleviated, and if the cause is due to an 
excessive growth of connective tissue, the chiselling away of a 
piece of bone from the mastoid process is indicated. If neuralgia 
of the mastoid process exists after a healed radical operation, 
the same procedure is indicated. In a girl eighteen years of age, 
in whom, after a successful mastoid operation, a neuralgia of the 
cicatrix, associated with melancholia, had existed for one year, 
the author obtained complete cure after chiselling away a sclerosed 
portion of bone from the mastoid process. 

Sometimes, in hemicrania, a dull pain arises in the ear and in 
its neighbourhood, which is accompanied by hypereemia and a 
feeling of warmth and burning on the auricle and temple. Eulen- 
burg and Mollendorf call this form hemicrania angio sive neuro- 
paralytica, and trace it to an affection of the symj)athetic nerve. 

Cutaneous hypersesthesia and anjesthesia of the auricle and 
external meatus, although occurring but rarely, also belong to 
the neuroses. Hyperesthesia of the auricle is often the sequela 
of frost-bites, 'inflammation, and eczema. Many persons are 
especially sensitive to the effect of cold draughts or winds, and 
find it necessary to continuously wear a pledget of cotton in 
the ear as a source of protection. Narcotic applications do not 
diminish the sensitiveness. On the other hand, methodical 
applications of cold to the external region of the ear, smearing 
the parts with fat, and the application of electricity, sometimes 
have a good effect. That itching of the skin (pruritus) due to a 
neurotic origin may also occur has already been mentioned in the 
Anomalies of Secretion in the External Auditory Meatus {vide 
p. 1 99). The affection is often very irritating, and leads, from the 
intense itching, to excoriations and inflammations. Painting 
with liquid vaseline, with a mixture of epicarine and alcohol 
(l'0-20-0 or 80-0), with an ointment of epicarine (1-0-20-0, to 
which 1-0 aniesthesin is added), with a concentrated solution of 
picric acid, or with a mixture of p-naphthol 0-2, alcohol and 
sulphuric ether aa 10-0, often lessens the itching for a long time. 

Amesthesia of the ear most often affects the auricle, especially 
its anterior surface, which is sujiplied by the branches of the 
fifth cranial nerve. It seldom occurs as an independent affec- 
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tion, but is more often a part of a diminished sensibility of the 
corrkponding half of the head, especially met with in hysteria, 
cerebral diseases, brain tumours, after cerebro-spinal meningitis, 
and after the effect of a severe noise. 

Ansesthesia of the external meatus is a disease of which little 
is known (see Hysteria). On the other hand, as the author has 
already mentioned (Wien. med. Woch., 1863), a decrease in the 
sensibility of the mucous membrane of the middle ear, especially 
in chronic adhesive processes, is by no means uncommon. In 
the hypersesthesia of hysterical patients, it has been repeatedly 
observed in combination with anaesthesia of the tympanic mem- 
brane. 


2. Motor Neuroses. 

Under motor neuroses we must consider the following: 

1. Spastic Contractions of the Muscles of the Auricle, 
which most frequently appear as part of the spasm of the facial 
muscles (tie convulsif), less often as an independent neurosis. 

2. Spastic Contractions of the Intratympanic Muscles. — 
The observations hitherto recorded apply to spastic contractions 
of the tensor tympani, and must not be confounded with voluntary 
contractions of this muscle (vide p. 63). They may be recognized 
either by a distinctly visible movement of the membrana tym- 
pani or by the fluctuations of the fluid in a manometer hermeti- 
cally inserted into the meatus (vide p. 59) ; in the latter case, at 
every contraction of the muscle, a negative oscillation of the 
fluid will be seen. The contractions are manifested subjectivelj’’ 
as well as objectively by a loud cracking sound, or by a dull 
throbbing in the ear. In one case, the hearing tests showed that 
during the contractions the hearing distance was diminished, 
that deep tones became deadened and indistinct, and that high 
tones ascended about one-quarter of a tone. 

From tlie fact tliat during strong contractions of tlie orbicularis palpebrarum 
muscle contractions of the stapedius muscle are set up (p. 63, Lucae), Gott- 
stein believes (A.f. 0., vol. xvi.) that, in a case of blepharospasm observed by 
him in Avhich during the attack the patient complained of a rushing noise in 
the ears, the latter was caused by a clonic spasm of the stapedius.* Haber- 
mann observed {Prager med. Wochenschrifl, 1884) a case of clonic spasm of the 
stapedius muscle in wlucli there were subjective noises, dizziness, and a feelin<^ 
of tightness in the head; after tenotomy of this muscle, these symptoms di^ 
appeared. A case of deafness and tinnitus, which was associated with paresis 
of the stapedius nerve (as part of a facial paraly^sis caused by a fracture of tlie 
base of the skull), was cured by Matte (Deutsche med. WochenscJir., 1890) by 
tenotoni}’’ of the tensor tympani muscle. 

3. Clonic Spasms of the Muscles of the Eustachian Tube, 
—This has been independently observed by Scliwartze, Brunner,' 
Todd, Boeck, and the author. Boeek in one case described 

* Ostino and Calamina, Arcltivio Hal. di otologia, etc.. 1900. 
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a crackling sound which occurred synchronously with the pulse; 
in the cases observed by the author the crackUng sound was 
caused by the contractions of the muscles of the tube, and 
resembled the irregular ticking of a watch held at some distance 
from the ear; the sound continued during sleep, and could not 
be voluntarily suppressed by the patient. With every crackling 
sound there was a corresponding contraction of the soft palate. 
The noise stopped when the soft palate was raised with the 
finger. Eudiger observed on himself, autophony during contrac- 
tion of the muscles of the tube. In a case of Schwartze’s, 
the affection was combined with spasm of the muscles of the 
larynx, eyes, mouth, and nose. Galvanization of the soft palate, 
and massage of the region betAveen the ramus of the inferior 
maxilla and the mastoid process, haAm proved the best therapeutic 
measures. 


INJURIES OF THE SOUND-CONDUCTING 

APPARATUS. 

Lesions of the auricle are classified according to the nature of 
the violence — that is, Avhether they are produced by stabs, bloAvs, 
cuts, tears, or contusions. Their importance depends on the 
severity of the Avound and on the extent of the injury. Super- 
ficial bruises confined to the skin ahvays heal Avithout any Ausible 
consequences, Avhile deep lesions affecting the perichondrium or 
the cartilage, such as othfematomata, ahvays produce a deformity 
of the auricle. The course of incised wounds of the cartilage of 
the ear, so frequently met Avith in fights, duels, etc., is most 
favourable, inasmuch as, even when the auricle is cut through 
to a large extent, healing by first intention occurs in most cases 
after the edges of the incision have been sutured together. 
The termination of tears, bruises, and bites is less favourable. 
In all these injuries, after the torn cutis has sloughed aAvay, and 
the cartilage has been exposed, ulcers occur, the cicatrization 
of Avhich is generally associated with shrinking and deformity 
of the auricle. In Avounds due to cuts, which extend to the 
external auditory orifice, the edges of the wound must be care- 
fully sutured in order to avoid cicatricial contraction and stenosis. 

Injuries of the external meatus more frequently affect the 
osseous than the cartilaginous portion. Lesions of the carti- 
laginous meatus are confined either to this part, or are combined 
with injuries of the auricle. The lining membrane of the carti- 
laginous meatus, seldom the cartilage itself, is most frequently 
injured by aAvkward attempts at extraction of foreign bodies; 
from such lesions, however, deep-seated changes never remain. 

Injuries of the osseous meatus are caused by direct or indirect 
Auolence. Direct injuries affect either the lining membrane of 
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the meatus alone or the osseous wall as well._ In these cases 
violent attempts at extraction of foreign bodies must also be 
looked upon as the chief cause of injuries of the osseous meatus. 
The second most frequent cause is the introduction of hard bodies 
into the meatus to relieve a marked pruritus; by an accidental 
push they are forcibly driven against the wall of the meatus. 

- Fractures of the walls of the meatus from direct violence 
are more frequent; they are due to fractures of the skull 
caused by blows, kicks, or falls, which extend to the walls of 
the meatus, or to injuries caused by violent blows on the lower 
j aw. In such cases the condyloid process of the inferior maxillary 
bone is driven with great force against the wall of the meatus.* 

The site of the lesion depends on the place at which the 
injury is inflicted. Violence applied to the top of the head 
usually causes a fissure of the superior wall of the meatus; to 
the back of the head, a fissure of the posterior wall of the 
meatus; and a blow on the jaw, an injury to the anterior wall. 
On the anterior wall, fissures not only arise by indirect violence, 
but also by comminuted fractures; in such cases it is by no means 
infrequent to see broken-off j)ieces of bone discharged with the 
pus or extracted from the meatus. Burnett {Amer. Journ. of 
Olol., vol. ii.) observed caries and necrosis of the injured anterior 
wall of the meatus after violence applied to the inferior maxillary 
bone. According to the observations of Kirchnerf and the 
author, inflammations of the lining membrane of the meatus and 
middle ear may arise from violence applied to the inferior maxil- 
lary bone without fracture of the osseous walls of the meatus. 

The terminations of fractures of the meatus are either recovery 
without subsequent deformity, or caries and necrosis of the 
affected wall with exfoliation of sequestra and stenosis of the 
meatus. Fissures on the posterior wall may lead to traumatic 
inflammation of the mastoid cells, and may cause death by pro- 
ducing a thrombosis of the sigmoid sinus. In like manner fissures 
of the superior wall of the meatus, with a simultaneous injury to 
the dura mater, may terminate fatally by setting up a meningitis. 
Fractures of the anterior wall, after a previous suppuration, heal 
by the formation of osteophytes. 

As a rule, fractures are not confined to the meatus, but are 
usually complicated with fissures of the superior and inner walls 
of the tympanic cavity, of the mastoid process, of the petrous 
portion of the temporal bone, and of the base of the skull. In 
the majority of cases the trauma is associated with rupture 
of the tympanic membrane, and is accompanied by profuse 

* According to Hasslauer {Z. f. 0., 1899), in thirty-three cases of fracture 
of the walls of the meatus, fifteen were due to direct violence on the chin or 
on the rami of the inferior maxillary bone. 

Kirclmcr (iri/jrt. med. Abli., 1901) observed neuralgia in the parts sup- 
piled by the auriculo temporal nen^e after injuries of the meatus. 
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iifemorrliage. In cases in which the chorda tympani nerve is 
injured by the fissure, disturbances of taste are observed 
on that half of the tongue. Injuries of the tympanic p)lexus 
and of the facial nerve are less frequently met with. If the 
fissure extends to the capsule of the labyrinth or to the 
cranial cavity, there may be an abundant discharge of the 
cerebrorspinal fluid from the ear, which may be associated with 
more or less severe headache, vertigo, nausea, vomiting, tinnitus, 
and severe deafness. The fluid flows off through the ruptured 
tympanic membrane, or through a fissure in the superior wall of 
the meatus. The quantity of the serous discharge varies, 
according to the statements of different observers (Toynbee, 
Hagen, Bruns, Chelius), between 18 and 981 grammes in twenty- 
four hours. 

In concussions of the skull due to a blow or fall, there are 
brought about, as the operations of Passow, Wagenhauser, and 
others show, a haBmato-tympanum and ecchymoses in the external 
meatus and on the membrana tympani, with a temporary dis- 
turbance in hearing; or if there is a simultaneous concussion 
of the labyrinth, there may be a permanent hardness of hearing 
or complete deafness. In injuries complicated with fracture of 
the base of the skull, death is usually caused by the intercurrence 
of a meningitis. Cure has been rarely observed. - In injuries of 
the pyramid without fracture of the base of the skull, the 
possibility of recovery is not excluded even in cases which run 
their course with serious clinical symptoms. In all injuries of 
the organ of hearing in which one suspects a fracture, one should 
have X-ray pictures taken in order to ascertain, if possible, the 
location and extent of the lesion. By this means we are able to 
locate foreign bodies, such as projectiles, etc., and are in a position 
to adopt surgical methods for their extraction. 

Some rare examples of injuries of the sound-conducting apparatus are: 
0. Wolf’s case of gunshot-wound of the Eustachian tube (A.f. A. u. 0., vol. ii.) 
in which the projectile entered beneath the zygomatic arch, passed through the 
left superior maxillary bone, and became wedged in the tube. The symptoms 
of occlusion of the tube were temporarily improved only by repeated paia- 
centesis of the membrane. Bezold {Berl. hlin. Wochensclir., 1883) reports the 
case of a stab of the Eustachian tube in which an atresia of the tube resulted 
later. This case is of special interest from a forensic point of view, in so far 
as the patient was suspected of simulation. 

In a case observed by the author, the projectile penetrated the parotid 
gland, the meatus and the mastoid process, and reappeared at the posterior 
portion of the latter; the sequelae of the injury were stricture of the middle 
portion of the meatus, a fistula of the parotid gland which discharged its 
contents into the meatus, and a facial paralysis. Biehl ( Wien. Min . Wocliensohr., 
1900) saw, after a stab wound of the inferior wall of the meatus, a facial paralysis 
occur five months later which was associated with hyperhydrosis of the corre- 
sponding side of the face. Cassells {Glagmo Med. Joiirn., vol. viii.) saw, 
in a girl seven years of age, a limmorrhage from the sigmoid sinus, which 
resulted from an injurj’- to the mastoid process and ended in recovery. In 
a woman who was injured by a stab with a dagger, the weapon, which entered 
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ill front of the tragus, penetrated both the anterior and posterior walls of the 
meatus, and the broken-off point remained fixed in the posterior wall of the 
meatus. Facial paralysis and a slight luemorrhage followed. During attempts at 
extraction of the broken-off point, a profuse haimorrhage from the sinus 
occurred. In like manner the author observed [Monat. fiir Olirenheilk., 1899), 
in a Venetian who had a complete faeial paralysis after a ^nshot-wound, 
the projectile in the posterior portion of the pyramid. According to Passow,* 
in cases of gunshot-wounds of the middle ear, it is advisable to extract the 
projectile as soon as possible, as it may sooner or later bring about an otitis 
media with its dangerous complications. 

Fractures of the handle of the malleus belong to the rarer injuries of the 
organ of hearing. They are caused by direct violence on the tympanic mem- 
brane, by the introduction of hard bodies into the meatus, by severe injuries 
to the head due to a fall from a great height, and by extraction of foreign bodies ; 
they may heal by the formation of callus, or the parts may remain ununited. 

In either case the inferior broken end forms an obtuse angle with the superior 
part (Roosa).t On examination with Siegle’s speculum, the inferior un- 
iinitcd end of the fractured handle shows considerable motions, while the 
superior portion remains fixed. 

Injuries of the sound-conducting apparatus arc also caused 
by thermic and chemical agencies. By the entrance of hot 
fluids into the ear, the walls of the meatus are much less affected 
than the tympanic membrane; in such cases, after profuse sup- 
puration of the middle ear, a persistent perforation of the mem- 
brane remains. Opitz (Allg. mil. Zig., 1 865) found, among recruits, 
scars in the meatus due to the introduction of the hot vapours 
of burning wax and tallow; Weintraub, erosion of the cartilagi- 
nous meatus owing to cauterization with solid nitrate of silver, 
which resulted in stricture. Cases of burning, caused’ by the 
pouring of molten lead or iron into the auditory canal, have been 
' frequently reported. Such cases generally end in deafness and - 
permanent facial paralysis, or in death from meningitis. 

Chemical agents such as nitric and sulphuric acids, a solution of the sesqui- 
chloride of iron, caustic alkalies, nitrate of silver, chloroform, ether, and strong 
ammonia cause more or less severe erosions. The lesions produced by these 
chemical agents are: destruction of the tympanic membrane with exfoliation 
of the ossicles, caries of the walls of the auditory meatus and tympanic cavity, 
facial paraljTsis, poly-pi, persistent perforations, adhesive processes, and even 
death in cases in which tlie trauma is very deep and extensive. 

We must also add here lesions of the ear caused by mechanical 
agents such a,s changes in air-pressure, as are found in caisson- 
workers, in divers, and in aerohautst (see p. 176). In caisson- 
workers, who work in the bod of a river where the air-pressure 
is raised 1-3 atmospheres, there occurs, even when they are grad- 
ually lowered, a painful feeling of pressure in the ear, which, if 
the Eustachian tube is permeable, soon disappears after repeated 

* Die Vcrkfzimgcn des Oeltdrorgans, 1905. 

t Szcncs, Sur ks lesions kanmaliqiics de Vorgane atidilif (Ann. de malad. 
dc rorcilk, etc.. ISOS). 

t Pathdogie dcr LnftdnicJxThranhingcn des Oclidrorgancs, Dr. Ferd Alt 
K. Heller, W. JIager, Hcrm. v. Schrotter {31. f. 0., 1897). 
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acts of SAvallowing. If, however, the Eustachian tube is not 
permeable, and the air in the tympanic cavity cannot become 
equalized, the ' tympanic membrane sinks inAvards, and the 
membranous wall of the tube is closely approximated to the 
cartilaginous Avail by the over-pressure in the caisson. The con- 
sequence of this condition is that the tympanic caAuty becomes 
entirely shut off, and a venous congestion of the vessels of the 
middle ear occurs, Avhich leads to the exudation of serum and to 
hemorrhages into the tymj)anic cavity. In such patients the 
drum membrane is found retracted, injected, of a violet or dark 
purple colour, and covered with ecchymoses ; it is rare to find the 
membrana tympani ruptured, and then only when the membrane 
is atrophic. The accompanying symptoms of these severe forms 
are: pressure and severe piercing pains in the ear, Avhich are 
accompanied by a haemorrhagic discharge from the ear and nose. 
When the air-pressure is stationary, no aural disturbances are 
noticeable. 

The majority’ of aural affections in caisson- workers [loc. cii.) 
occur, according to the investigations of Herm. v. Schrotter, 
Heller and Mager,* during the stage of decompression, if this is 
carried out too rapidly. In addition to the lesions already 
mentioned, gas-emboli are induced during the stage of decom- 
pression in consequence of the development of gas in the blood. 
These gas-emboli may cause permanent disturbances of hearing 
through ischemia, and through local destruction of the central 
fibres of the auditory tract, the auditory nerve and its branches. 

Owing to the rise in blood-pressure in the vessels of the middle 
ear and labyrinth, which is brought about by the rapid decom- 
pression, transudations and haemorrhages take place in these 
tAvo cavities (Alt, loc. cH.). The symptoms of this affection are as 
folloAvs: The Avorkmen are apparently in good condition Avhen 
removed from the caisson ; several minutes to several hours after 
they have left the caisson there is a sudden and severe collapse 
Avhich is associated Avith dizziness, tinnitus, and vomiting, Avith 
or AAdthout consciousness, and Avith a deafness Avhich is seldom 
of a permanent nature. For some time after such an attack 
there are disturbances in gait, dizziness, and subjective noises. 
Individuals Avith an acute middle-ear suppuration must not be 
subjected to the high pressure in the caisson; dry perforations 
are no contra-indication (Heermann).f 

Divers and aeronauts are affected Avith a similar disease. _ In 
the former, according to Koch, at a depth of 2-4 m. there is a 
feeling of pressure and pain in the ear, Avhich suddenly ceases upon 
cessation of the increased air-pressure. As the diver is pulled up, 
the pressure, pain, and ringing in the ears disappear as soon as he 

* Festschrift zur 100 jahrigen Stiftungsfeier des Fricdrich-Wilhchn-IvtMvt, 
Berlin, 1895. 

t Volkmann’s Vortrdge, NeAv Series, 1902. 



INJURIES OF THE SOUND-CONDUCTING APPARATUS 639 

is out of the water. In sponge and pearl fishers, who, according 
to Catsaras, remain a long time at a depth of 25-30 m. and Avho are 
rapidly pulled up, inflammations and haemorrhages in the organ 
of hearing are not infreguentj and are accompanied by a group 
of symptoms similar to that of Meniere’s disease. 

In aeronauts the great changes in air-pressure are much 
less marked than in caisson- workers and in divers; nevertheless, 
when at a great height, by the rapid rising and falling of the 
air-ships or aeroplanes, severe lesions of the organ of hearing may 
take place just as in the other two occupations. 

In reference to lesions of the sound-conducting apparatus from 
a medico-legal standpoint, no general rules can be laid down, as 
the injuries are so varied that there are scarcely ever two cases 
Avhich are entirely alike. Therefore, in estimating the lesion in 
a given case, the nature of the violence and the extent of the 
injury should ahvays be considered, and particular attention 
should be paid to the consequences of the latter. It is of great 
importance that, in order to verify the statements of the injured 
individual and to make a diagnosis, he must be examined as 
soon as possible after the injury. 

In judging injuries of the auricle, the degree of deformity 
caused by the injury is mainly to be considered. Contusions, 
stabs, sword-cuts, and even extensive disturbances of continuity 
of the auricle, may heal by first intention^ and may be regarded 
as slight injuries, inasmuch as they do not leave any marked 
change in the form of the auricle. On the other hand, all injuries 
Avhich, in consequence of inflammation, destruction, necrosis, and 
exfoliation of the cartilage, cause a shrinking, deformity, and loss 
of the auricle must be regarded as serious oAving to the disfigura- 
tion. 

The estimation of the severity of lesions of the external 
auditory canal depends on Avhether the injury is confined to its 
lining membrane, or whether there is also a fracture of its osseous 
Avails. In the former case the injury will be called slight owing to 
the fact that recoAmry is usually prompt and Avithout any evil 
sequelfB. On the other hand, AAdien the bone is fractured, 
especially when there is a comminuted fracture of the anterior, 
or a fissure of the posterior AA’^all, the injury must be regarded as 
serious, because the consecutive inflamirration often leads to 
caries, stricture of the meatus, or to an extensive mastoiditis, 
AA'herebj^ the hearing is often permanently impaired. 

In estimating the severity of injuries of the tympanic cavity, 
and of the complicated fissures of the temporal bone in which the 
pyramid, the Avails of the tympanic cavity and of the external 
auditory caiial, and the base of the skull are involved, the time 
of the examination is of chief importance. Within the first feAv 
days after the occurrence of the injury, a definite opinion as to 
the nature of the lesion can be given only Avhen the latter is 
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combined with such serious symptoms of a simultaneous brain 
lesion that an unfavourable termination may with great prob- 
ability be foreseen. If, on the one hand, symptoms of immediate 
danger are not present, a final opinion should be postponed 
until the termination and result of the lesion can be finally deter- 
mined. The reason for this is that apj)arently slight injuries 
of the temporal bone may lead to permanent disturbances and 
even to a fatal termination, while severe fractures, accompanied 
by a profuse haemorrhage and even by a discharge of cerebro- 
spinal fluid from the ear may recover without any impairment in 
the aural mechanism. It usually takes a long time for the sequelae 
of such injuries — provided that they do not cause a fatal ter- 
mination — to subside to such an extent, that the process may be 
said to have run its course. In the majority of such cases, the 
injury should bo considered serious if the patient is incapacitated 
for a long time, and if a permanent impairment in the hearing 
remains. Those lesions which cause a salivary fistula in the 
external auditory canal -or a paralysis of the facial nerve (Biehl) 
must also be considered as serious, even if they are not asso- 
ciated with any disturbance of hearing. 

The estimation of injuries caused by chemical and thermic 
agents depends on the changes in the auditory canal and on 
the tympanic membrane, on the changes brought about by the 
suppuration in the middle ear (caries and necrosis of the tem- 
poral bone), and on the degree of the disturbance of hearing. 
What has already been said in reference to the estimation of 
other injuries also applies to lesions of this nature. 


Aural Affections and Life Insurance. 

The author would also like to add a few remarks on the life 
insurance of individuals affected with ear diseases. Although 
this subject has already been thoroughly discussed, there is as 
yet no firm opinion as to what class of patients with ear diseases 
should be accepted without endangering the interests of the com- 
pany, and what class should be rejected. Nor are the opinions as 
to conditional acceptance — that is, the acceptance of individuals 
by the company with increased premium in certain forms of ear 
diseases — at all clear. 

Life-insurance companies should not regard the following 
affections of the ear of importance, in so far as they neither 
influence the length of the life of the individual, nor predispose 
towards the development of a serious affection: (1) All mal- 
formations of the auricle and external auditory canal, including 
congenital atresia of the latter. (2) The various forms of 
inflammation of the auricle, furunculosis of the external meatus 
which arises from time to time, the slighter forms of otitis externa 
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diffusii, eczema of the auricle and meatus, .and exostoses and 
strictures of the auditory canal when not associated with a 
purulent discharge. (3) All affections of the middle ear which 
run their course without suppuration and without perforation of 
the tympanic membrane; in such cases the degree of the dis- 
turbance of hearing and the simultaneous complication with a 
labyrinthine affection are of no importance. (4) All disturb- 
ances of hearing which, without an aural discharge, can be traced 
to a local affection in the labyrinth. (5) Al-1 middle-ear suppura- 
tions which have run their course, and in which the perforation in 
the drum membrane is closed by a cicatrix, whether the latter 
is adherent to the inner wall of the tympanic cavity or not. 

On the other hand, all persons in whom the aural examination 
shows that the following affections of the organ of hearing are 
l^resent should be unconditionally rejected: (1) Ulcerative pro- 
cesses on the auricle and in the external auditory canal, which 
are due to the breaking down of an epithelioma. (2) Lupus 
of the external ear, inasmuch as experience has shown that in- 
dividuals affected with this disease do not live long. (3) Stric- 
tures and exostoses of the meatus when associated with a 
purulent discharge. (4) Chronic, purulent inflammation of the 
external auditory canal with exposure of its osseous walls. 
(5) Chronic suppuration of the middle ear with perforation of 
the drum membrane, irrespective of whether it is uncomplicated, 
or whether it is associated with the formation of granulations and 
polypi, with caries in the temporal bone, or with a paralysis of the 
facial nerve. (6) Cured radical operati ons, on account of the 
danger of a recurrence . (7) All affections of the ear associated 
with dizziness and a disturbance of equilibrium, whether these 
symptoms arise from an affection of the organ of hearing or from 
the central nervous system. 

A conditional acceptance — that is, with increased premium — 
may be permitted in individuals who, in consequence of a former 
suppuration of the middle ear, have a persistent perforation (dry) 
in the membrane, because in these cases the middle-ear suppura- 
tion returns more easily than in cases in which the opening is 
closed by a cicatrix. The acceptance of cases is rendered more 
difficult if there is a marked desquamation of epithelium in the 
meatus and tympanic cavity, if crusts occasionally form in the 
middle ear, and if a chronic naso-pharyngeal or chronic pul- 
monary catarrh is simultaneously present. 

The following should not be absolutely rejected, but deferred 
until the affection is completely cured: (1) All acute and 
chronic cases of eczema and diffuse inflammation of the external 
auditory canal, which extend deeply into the meatus and cause 
a stricture. (2) Suppurations of the middle ear, which have 
lasted but a few weeks or months and do not exclude the possi- 
bility of a cure. If the otorrhooa can be cured, a favourable 
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result will be evident after several weeks’ treatment. If the 
discharge does not cease after proper treatment, the case is to 
be rejected. Individuals who have been deferred for a time 
must be re-examined by a specialist, and it must be proved 
that the aural affection has been cured for a t least three month s. 
(3)’ All syphilitic ear affections, especially when "the symptom^ of 
a general syphilis are present (exanthemata, pharyngeal ulcers, 
glandular swellings). On the other hand, when the deafness has 
lasted for years, and all symptoms of the general syphilitic 
affection have disappeared, the person may be accepted by the 
company without fear. 


The Diseases of the Nasal Cavity, the Naso- 
pharynx, and the Accessory Sinuses of the 
Nose with Reference to Diseases of the 
Middle Ear. 

Too much importance cannot be placed upon the intimate 
relationship which exists between affections of the nose and throat 
and the aural cavity. The anatomical construction of these parts 
affords a fertile field for the spread of infections from one to the 
other, so that diseases of the ear owe their origin, in a large number 
of cases, to affections of the nasal and post-nasal spaces. The 
spread of inflammatory conditions of the nasal mucous membrane 
through the Eustachian tube often brings about pathological 
changes in the tympanic cavity which are of a temporary or 
permanent nature. A thorough knowledge of the pathology of 
diseases of the nasal and post-nasal regions and the anatomical 
construction of these parts is, therefore, all the more important 
to the aurist, as it is often only by the application of a proper and 
timely therapeutic measure that one is frequently able to prevent 
infections in the middle ear, and to stay the advance of patho- 
logical conditions already existing there. In a large number of 
cases in which there is some abnormality in the nasal chamber, 
the nasal breathing is interfered with, so that there is no longer 
a free interchange of air between the nasal and aural chambers, 
with the result that the hearing function becomes more or less 
impaired. In order to sustain the normal hearing, the pressure on 
the drum membrane from within, must be equal to the atmo- 
spheric pressure from without. When this balance of pressure is 
disturbed owing to some abnormality in the nasal or post-nasal 
chambers, the transmission of the sound waves from the drum 
to the labyrinth by way of the ossicular chain is impaired, in 
consequence of which there is a disturbance in the hearing of 
varying degree. In order, therefore, to retain the normal hearing, 
this mterchange of air must be maintained, and can be accom- 
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plished only by keeping the tubes open and the nasal chambers as 
free from infections as possible. The impaired breathing is due 
in most cases to a deflected nasal septum, bony spurs, nasal polypi, 
new growths, and especially in children to the presence of hypertro- 
-phied and diseased tonsils, and adenoid vegetations in the post- 
nasal space. The acute and chronic nasal catarrhs, the acute and 
chronic suppurations of the accessory sinuses of the nose, and the 
atrophic rhinitis or ozEena, are often the etiological factors in 
producing destructive changes in the tubes and tympanic cavities. 
In cases also, in which there is a continuous purulent nasal dis- 
charge, the chances of infection of the otitic cavities are greatly 
increased, because the secretion is readily forced through the 
tubes during an act of swallowing, or when blowing the nose too 
violently. The treatment and arrest of such suppurations often 
prevents the infection from spreading into the middle ear. 
In like manner, the treatment of a nasal catarrh does in a great 
measure tend to prevent the development of a catarrh of the 
tympanic cavity, and if already present, frequently retards its 
further progress. Even in cases in which there is a loss of the 
hearing and troublesome head noises, a proper energetic treatment 
of the nasal condition will, as a rule, bring about an amelioration 
of the annoying symptoms, and even a return to the normal. As 
a result of the nasal conditions stated above, the action of the 
muscular elements of the tubes are interfered with, so that there 
is an impaired ventilation of the tympanic cavities. This causes 
changes in the sound- conducting apparatus, which are associated 
with a loss of sound perception, ranging from a mild deafness to 
an almost complete loss of the hearing function. The removal 
of these obstructions whereby the free interchange of air is again 
re-established, does in many eases act beneficially upon the 
aural lesions, so that one notices within a very short time an 
improvement in the hearing. Such local measures furthermore 
tend to improve a catarrhal condition in the nasal chambers, and 
in this way to exercise a healthy influence upon a catarrhal 
condition in the middle ear. In many cases of deafness, one finds 
\that the cause of the trouble is due to the presence of hyper- 
trophied and diseased tonsils, and adenoid growths in the posterior 
nares. This applies especially to children, wdm in the first years 
of life are subject to catarrhal and purulent inflammations of the 
middle ear. The adenoid, which in a large number of cases 
occupies the greater portion of the post-nasal space, acts as a 
mechanical obstruction, and interferes with the ventilation and 
action of the muscles of the tube. This creates an acute or 
chronic stasis and congestion of the bloodvessels of the mucous 
membrane of the tube and middle ear, with the result that there 
is an increased exudation in the tj’^mpanic cavity, which increases 
as time goes on, and leads in many cases to pathological changes 
which may be of a temporary or permanent nature. Such changes 
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may be slight or so marked that they frequently form the bases, 
of the most pronounced disturbances in hearing. ' In addition 
to this, the adenoid usually gives the children a stupid appear- 
ance, interferes with their speech, and retards their mental and 
physical development. The anatomical structure of the adenoid 
deserves consideration. If one examines it carefully, one finds 
that it is made up of one large central lobe and two lateral lobes 
separated by deep furrows or clefts (Fig. 284). These are, 
as a rule, subdivided into smaller lobes, also separated from each 
other by a number of smaller clefts. They harbour the various 
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Fig. 284. — Adenoids (Natural Size). 

A. — a. Lateral lobe; b. Cleft; c. Central lobe. 

B. — o, Lateral lobe; h. Cleft; c. Central lobe. 

C. — a. Lateral lobe; b, Central lobe, ■with multiple clefts. 

forms of micro-organisms, which under favourable circumstances, 
migrate through the tubes into the middle ear, where they set up 
an inflammatory process in the form of an acute or chronic otitis 
media, with its far-reaching sequelae. The thorough removal of 
such a mass often produces a surprisingly rapid improvement in 
the aural condition. Cases in which the hearing has been impaired 
for some time often respond with such rapidity that one notices 
within the shortest time a decided improvement in the sound 
perception, and often a complete return to the normal. In cases 
also in which there has been a suppuration of long standing, the 



645 


DISEASES OF THE NASAL CAVITY 

discharge ceases with astounding rapidity after a thorough 
cleaning out of the post-nasal space, 'ihis is due to the fact that 
we have removed the source of infection and have taken away 
an impediment which has interfered with the free action of the 
Eustachian tube; the interchange of air between the tympanic 
cavity and nasalregion is thereby re-established, the poAver of trans- 
mission of the ossicular chain is restored, and the perception for 
sounds is again brought back to the normal state. That middle- 
ear infections are more prevalent in infants and young children 
is due to the fact that the tubes are shorter and wider than in the 
adult, so that bacteria and foreign matter (as during vomiting) 
reach the aural cavities more easily. 

In a large number of cases the entrance of foreign substances 
into the middle ear causes the most excruciating pains, and gives 
rise to the most severe inflammatory processes. This applies 
especially to the entrance of Avater during sea-bathing. The 
common practice of diving and putting the head under Avater 
is associated Avith a certain amount of danger, and should be 
discouraged. The individual, Avhen he emerges from the water, 
invariably bloAvs his nose too violently, and in doing so forces 
the Avater, Avhich is generally impregnated Avith particles of sand, 
dirt, etc., into the middle ear, Avhere it gives rise to intense pain, 
and an otitis media Avith its usual chain of symptoms. 

Syringing and douching the nose and post-nasal chambers is 
also a practice Avhich should be discouraged, as it is also associated 
Avith a certain amount of danger. If not used properly, fluids are 
easily forced into the tympanic cavities, causing intense pain, and 
giving rise to various otitic complications. It is therefore ad- 
Ausablo, Avhen it is desired to medicate or cleanse the nasal regions, 
to apply the medicaments in the form of sprays or vapours. By 
doing so one avoids unnecessary pressure, there is no excess fluid 
in the post-nasal space AAdiich can be forced through the tubes, 
and the drug is gently disseminated over the entire mucous 
membrane. 

That operative procedures on the nose and throat should 
ahyays bo carried out under the strictest aseptic precautions is self- 
eAddent, for one sees at times soAmre otitic complications doAmlop 
shortly after such intranasal manipulations. This is particularly 
so Avhon the nasal chambers are packed with tampons Avhich are 
alloAved to remain too long. It is therefore adAusable, where 
possible, to dispense Avith such tampons, and in this way to 
ininimize the danger of infection. It is impossible in a book which 
IS deAmted entirelj’- to diseases of the ear and its adjacent structures 
to go into the pathologj'’ and treatment of the nasal and post- 
nasal conditions, but it is mainly the author’s purpose to call 
attention, as already stated, to the intimate relationship which 
exists botAvoen nasal and aural affections, and to impress upon the 
practitioner the important fact, when treating otitic conditions, 
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lhat a faA^ourable outcome can be obtained in the majority of cases 
only if a simultaneous treatment is applied to the nose and throat. 
For the therapy and operative technic of nasal and post-nasal 
affections, and the various anomalies of formation, the reader is 
referred to the large number of "splendid textbooks devoted to 
this special branch of medicine. 


The Diseases of the Labyrinth, of the Auditory 
Nerve, and of its Central Course. 

Introduction. 

Our knowledge regarding the pathology of the sound-perceiving 
apparatus is still very imperfect, in spite of the numerous 
scientific investigations which have been undertaken 'in the last 
few 3mars. This is most easily explained by the fact that we are 
seldom in a position to make a thorough anatomical post-mortem 
examination of the ears of those individuals who have been 
known to have been afflicted with a diseased condition of the 
auditory nerve apparatus during their life. 

We therefore see the difficulty in giving a description of 
diseases of the internal ear which agree ■with the clinical obser- 
vations. A satisfactory study of this subject will be possible 
only when further clinical observations can be made to corre- 
spond with the conditions found at the post-mortem. 

The diseases of the internal ear are primary, and secondary, and 
are divided, according to their location, into affections of the 
cochlear and vestibular ap23aratus. The primary forms are 
much more rarely met with than the secondary. 

Etiology. — The diseases of the internal ear either arise idio- 
pathically without any discoverable cause, or they are produced 
by external harmful influences (cold, sunstroke, diving into the 
water, traumatisms, concussions) and by general and organic 
affections. It is, however, mainly through affections of the 
tympanic cavity that secondary pathological changes are 
produced in the internal ear. These changes must not, however, 
always be regarded as secondary, as there is no doubt that the 
infection in both parts is frequently occasioned by the same cause. 

The idiopathic affections of the auditory nerve apparatus, 
among Avhich may be reckoned primary hEemorz’hages and inflam- 
mations, are, on the whole, rare. 

The following are the external harmful influences which bring 
about a temporary or permanent disturbance in the function of 
the auditory nerve apparatus: The action of intense somids 
(explosions, detonation); indirect injuries to the labyrinth, 
injuries to the skull (fall on the head, fall, blow, and concussion), 
and injuries of the labyrinth occasioned by sudden changes of air- 
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pressure, as in caisson-workers, aeronauts, and divers (see j). 637). 
We must also add here labyrinthine disturbances of hearing 
which are caused in persons who have certain occupations, as 
blacksmiths, locksmiths, plateworkers, coppersmiths, coopers, 
engineers, and stokers, etc. 

Temporary or permanent disturbances of hearing following 
affections of the mind, after a fright, or after great grief, have 
been frequently reported. This is explainable if one considers 
that affections of the mind are amongst the most prominent 
causes acting upon the vaso-motor nerves (vaso-constriction 
and dilatation), and 'that therefore, owing to sudden changes in 
the circulation of the vessels supplying the acoustic nerve and its 
terminations, disturbances of nutrition (ischasmia, hypersemia, 
stasis) can be brought about which manifest themselves in 
symptoms of irritation or paralysis. 

It is also well known that the auditory nerve is more often 
affected than any of the other nerves of special sense by the 
action of drugs circulating in the blood. One must only take into 
consideration the action of such medicaments as quinine, salicylic 
acid, morphine, chloroform, tobacco, alcohol (Alt), and the oil of 
chenopodium, which exercise a temporary, often, however, a per- 
manent, influence on the function of the auditory nerve. These 
drugs frequently cause subjective noises and deafness of a varying 
degree when used in large doses or for a long time. The auditory 
nerve is particularly predisposed and sensitive to the action 
of quinine, which first makes itself evident by subjective noises 
and by a diminution in the hearing, which usually takes place 
within one to three hours. One should use this drug with 
discretion, as some patients have a marked idiosyncrasy against 
it. Its predilection for the auditory nerve often causes the most 
severe pathological changes, leading to deafness of a varying 
degree, and even to a permanent loss of the hearing function in 
one or both ears. 

Kirclincr (Red. Min. W., 1881), who administered quinine to rabbits, found 
Ji3q)er.-einia and hwinorrliages in the mucous membrane of the tympanic 
cavity and in the labyrinth. Wittmaack (Arcliivf. d. ges. Pliysidogie, vol. xcv. ) 
found marked changes in the ganglion cells of the ganglion spirale and 
vcstibulare. 

Other toxines having a paralyzing effect on the auditory nerve 
are: Lead, mercury, amenio, and carbon disulphide which begins 
with headache, vomiting and tinnitus, and is met with in 
workers of hard rubber; chronic aniline poisoning; and necrosis 
of the temporal bone due to the action of phosphorus. 

Diseases of the middle ear are the most important factors 
in bringing about secondary pathological changes in the 
auditory nerve apparatus. Sero-mucous catarrhs and primary 
inflammations of the middle ear are seldom associated with a 
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simultaneous affection of the labyrinth. If, however, this is the 
case, it is clue, either to an increased labyrinthine pressure, to 
the action of toxines, or to a secondary suppurative infection of 
the labyrinth (see p. 556). 

In the chronic non-purulent middle-ear processes, the labyrinth - 
does not become affected, except in rare cases (to which we must 
especially reckon the syphilitic catarrhs). In the long-standing 
catarrhal adhesive processes, however, and in otosclerosis 
(see p. 331), retrogressive changes develop in the labyrinth, which 
cause a high degree of hardness of hearing. 

The labyrinth is seldom involved in the uncomplicated chronic 
middle-ear suppurations. In carious processes, especially if the 
cells in the region of the labyrinthine capsule are affected, one 
not infrequently finds ecchymoses in the semicircular canals and 
in the cochlea. In reference to the suppurative inflammations 
of the labyrinth in chronic middle- ear suppurations, the reader 
is referred to the chapter on Labyrinthine Suppurations (p 550). 

Diseases of the brain and its membranes play an important 
part in bringing about secondary affections in the auditory 
nerve. The following, which often occasion a marked form of 
deafness, may be especially mentioned: Epidemic cerebro-spinal 
meningitis, hydrocephalus, acute' and chronic encephalitis, brain 
tumours, and less often diseases of the spinal cord. 

Those general and infectious diseases, as typhoid and scarlet 
fever, measles,* diphtheria, influenza, | intermittent fever, ' 
osteomyelitis infectiosa, syphilis, leucsemia, pernicious anaemia, 
diabetes, Bright’s disease, and morbus maculosus (WerlhofSi), 
must also be regarded as frequent causes of disturbances of 
hearing, owing to their influence upon the auditory nerve; these 
diseases cause disorders in the auditory centre (oedema of the 
intracranial course of the acoustic, Eosenstein), or in the terminal 
endings of the nerve, either by the production of secondary 
inflammatory or hfemorrhagic exudations, or by the action of 
the blood which has undergone pathological changes. 

It must, however, be mentioned, that the auditory nerve is ^ 
more readily injured and possesses the greatest impressionability 
of all the cranial nerves — that is, its function is much more 
often arrested by general diseases and chemical changes in the 
blood during infectious diseases, ihan any other of the cranial 
nerves. 

The anatomical changes in the auditory nerve apparatus, 
arising during the course of infectious diseases, are not yet well 
understood. Hypergemia and ecchymoses, small-cell infiltration 
and suppurative inflammation of the labyrinth, ending in the 

* Moos, Untersuclmngen fiber Pilzinvasion des Labyrinthes im Gcfolge von 
Maseru, Wiesbaden, 1868. 

t Lannois, Snrdite labyrinthiguc consecutive a la griyj^e ; J. Moure, Revue 
de Laryyigologie, d'Otologie, ete., Paris, 1890. 
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new formation of connective tissue and bone, have been most 
frequently found. 

A great number of cases have been reported in which the func- 
tion of the auditory nerve was quickly arrested and in which there 
was complete deafness as a result of an attack of mumps (parotitis 
epidemica); it has not been possible, however, to establish the 
anatomical cause of this severe, afebrile, incurable nerve condition 
which arises after a parotitis and without any attacks of dizziness 
or disturbances in equilibrium. The hypothesis that the deafness 
in mumps is caused by an acute exudation or metastasis in the 
labyrinth (similar to affections of the kidneys, ovaries, mamm^, 
testicles), or by an affection of the acoustic centre, has not been 
substantiated. It is most probable that this form of deafness 
is due to a toxaemia. 

Of the pathogenic micro-organisms, the streptococcus, more rarely the staphy- 
lococcus, and the pnemno-diplococcus have been found in the labyrinth. The 
path by which these organisms most frequently enter the labyrinth from the 
cranial cavity is by way of the aqumductus cochleaj. They cause either a 
rapid destruction of the connective tissue, or they lead to the formation of 
new connective tissue and bloodvessels, vdiich results in the new formation 
of bone. In addition to this, they produce, in cases of measles and in simple 
and diphtheritic scarlet fever, a thrombo-arteritis and phlebitis with their 
sequelaj, which are evident as hoemorrhages along the sheaths of the main 
nerves, with destruction of the nerve elements. 

It cannot be denied that there is a correlation between organic affections 
and the organ of hearing. It is certain that, in the course of chronic organic 
diseases, nutritional disturbances of the general system develop in consequence 
of ansemia, hydrasmia, and marasmus, which have not only a deleterious 
influence upon the entire system, but also upon the auditory nerve, whose 
power of resistance is lowered. 

Many observations have recently been published showing the relation of 
diseases of the sexual organs to those of the ears. Bonnier, Eitelberg, and 
others consider masturbation, especially in females, an important factor in 
influencing the course of aural affections. Benni saw several cases of vicarious 
exudation and hiemorrhage from the middle ear when menstruation was sup- 
pressed. Baratoux {Des ajfeclions auriculaires et de leurs ra2)porls avec celles 
de Viilirus, Paris, 1881 ) came to the conclusion that in those cases in which 
there is a purulent middle-ear suppuration, the local affection is aggravated 
tlu'ough menstruation, and that in amenorrhcea, vicarious hajmorrhage may 
take place from the ear. In addition to this, attacks of dizziness combined 
with subjective noises and a feeling of tightness in the head have been observed 
in consequence of suppressed menstruation and at the beginning of the meno- 
pause, which could he attributed to a congestion of the bloodvessels in the 
lab3Tinth. ^ It is well known that disturbances of hearing may arise, or those 
already^existing become more marked, during pregnancy and after parturition 

Functional disturbances of the auditory nerve are also caused 
by impaired circulation of the cranial vessels. Frequently, 
however, disturbances of hearing may be traced to diseases of the 
heart and lungs, and to some forms of goitre. 

_ It cannot be denied that hereditary predisposition plays an 
important part in the production of affections of the acoustic 
nerve, as is evident in cases of hereditary deaf-mutism. On 
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the -svliole, however, it seems to be less often the cause here 
than in otosclerosis. 

Diseases of the internal ear are met with more often in 
children than in adults. This is explained by the fact that 
such diseases, as the acute exanthemata, diphtheria, acute 
hydrocephalus, epidemic cerebro-spinal meningitis, etc., which 
occur so frequently in children, are often associated with 
afl'ections of the ear. Moreover, it must be brought to notice 
that the anatomical relationship between the middle ear, laby- 
rinth, and cranial cavity is more pronounced in children than in 
adults ; and further that, by means of the aqueducts, there is a 
more extensive communication between the fluid of the labyrinth 
and the cerebro-spinal space in children than in adults. 

The frequency of affections of the auditory nerve diminishes in 
middle age, but increases again considerably in the later years of 
life, especially after the sixtieth year. The anatomical causes 
of this disturbance of hearing in old age, is found to be due 
not only to changes in the labyrinthine capsule which lead 
to ankylosis of the stapes (otosclerosis), but also to retrograde 
changes, such as atrophy, fatty degeneration, and chronic 
endarteritis in the auditory nerve and its terminations (senile 
degeneration). 

In the majority of cases, both auditory nerves are affected, 
either simultaneously or at a shorter or longer interval. The 
condition seldom remains localized to one ear. According to the 
author’s experience, this is most frequently the case in unilateral 
affections of the acoustic nerve produced by the action of an 
intense noise. It has been found that in these unilateral acoustic 
disorders, just as in middle-ear diseases, the danger of the 
affection extending from one ear to the other is all the greater 
the higher the degree of impairment in hearing. It has not yet 
been established in what way the affection of one ear extends to 
the other. The anatomical relation of the acoustic nuclei 
allows us to presume, with probability, that degenerative pro- 
cesses of the one auditory nerve may affect the centre and root 
of the nerve of the opposite side. 

Symptoms. — In affections of the internal ear, we must dis- 
tinguish between symptoms produced by lesions in the cochlear 
and those in the vestibular apparatus. The symptoms of the 
cochlear apparatus are apparent in irritation and paralysis. To 
the former we must reckon subjective noises, hyperaesthesia 
acustica, and the electric irritability of the auditory nerve; to 
the latter, a nerve hardness of hearing, or deafness. The symp- 
toms of irritation of the vestibular apparatus due to abnormal 
irritability of its function are made evident by the appearance of 
vertigo, nystagmus, and disturbances in equilibrium. _ A paralysis 
of the vestibular apparatus is manifested by a diminished or lost 
irritability. 
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The disturbances of hearing accompanying diseases of the 
internal ear develop either rapidly. or progressively. In some 
forms of disease — as, for instance, in the apoplectic forms of 
Meniere’s disease, in labyrinthine syphilis, in cerebro-spinal 
meningitis, and in traumatic concussions of the labyrinth— the 
hearing is often suddenly lost, or disappears entirely 'within a 
feAV days. In other chronic forms, on the other hand, the 
hearing diminishes gradually, but not uniformly, however. 
Greater intervals, in Avhich the hearing remains stationary, may 
be folloAved by a period during which the deafness progressively 
increases, or the slow course of the disease may be interrupted 
by sudden exacerbations. 

Variations in the acuteness of hearing are, as a rule, much 
less often met with in diseases of the acoustic nerve than in 
affections of the middle ear. These variations are influenced by 
external harmful conditions, bodily indisposition, mental excite- 
ment, insomnia, over-indulgence in alcoholic beverages, etc. 

We must add here a group of symptoms due to labyrinthine 
affections, known as Meniere’s symptom-complex (called vertigo 
ah aure Icesa, by the older authors). These symptoms, which take 
their origin from the vestibular apparatus, are brought about 
either by primary changes in the labyrinth itself, or as the result 
of pathological concfitions in the sound-conducting apparatus. 

The irritability of the vestibular apparatus may be preserAmd, 
increased, or entirely lost. According to the etiological factors 
producing these conditions, Ave may distinguish tAVO groups. 

In the first group belong all affections of the external 
(cerumen, polypi), middle (otitis media acuta, catarrhal adhesive 
processes, otosclerosis), and internal ear, in Avhich vertigo, nystag- 
mus, and disturbance in equilibrium arise in paroxysms, and 
in Avhich examination reveals a normal or increased irritability. 
The assumption that this symptom-complex occurring with 
middle-ear affections is caused by an increased labyrinthine 
pressure arising from the middle ear is true only in those cases 
in Avhich there is a marked retraction of the membrana tympani, 
and in Avhich the symptoms of labyrinthine irritation disappear, 
or are considerably improved, after an inflation of air or after 
tenotomy of the tendon of the tensor tympani muscle. 

In the large majority of cases, however, there is a congestion 
or exudative process in the labyrinth (also anasmia) which 
occasionally arises during the course of the middle-ear affection, 
and Avhich causes the so-called symptom-complex by irritation 
of the A^'estibular and ampullar nerves. 

We knoAv that the extension of an affection of the middle ear 
to the labyrinth calls forth vestibular symptoms, yet it some- 
times happens that such symptoms also arise in the rare primary 
affections of the labyrinth. The causes of such labyrinthine 
disturbances are assumed to be intercurrent hypersemias, ecchy- 
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moses, exudative processes, and anjemia ; these conditions usually 
act upon the vestibular apparatus, but often also involve the 
cochlea. That the latter has become affected can be concluded 
from the marked disturbance in hearing which arises simul- 
taneously with the vestibular symptoms. 

The symptoms of irritation Avhich occur with middle-ear and 
labyrinthine affections show a most varied gradation, from a 
simple feeling of vertigo, which lasts only a few seconds and 
causes hardly any annoyance, to the most severe attacks of 
dizziness, which usually arise at irregular intervals. 

The attacks recur either without any apparent cause or from 
j)hysical exertion, by turning the head rapidly, from bending 
over or standing up suddenly, after a hearty meal, from excesses, 
after nervous excitement, mental affections, etc. A new attack 
is often preceded by marked tinnitus, a feeling of pressure and 
heaviness in the head, a mental depression, and sensations of 
turning. With the attack of dizziness there is usually a nystag- 
mus towards the diseased side, the intensity of which depends 
on the severity of the attack. 

The duration of the attack varies from a few seconds to several 
hours. _ While some patients recover quickly, others feel languid 
and faint, dizzy and uncertain in gait for some time. The attacks, 
which often are absent for years, may recur, and not infrequently, 
even after having existed a long time, may end in complete 
recovery. In other cases there is a gradual diminution or loss 
of function of the vestibular apparatus, in that the attacks 
become lighter and their intervals greater, until, after complete 
destruction of the vestibular apparatus, they cease entirely. 

It must be mentioned that the patients in whom the attacks 
come on even at long intervals are not entirely free from vertigo 
and unsteadiness in gait during the interparoxysmal stage, and 
that a decided neurasthenia develops after oft-repeated attacks. 

The second group of affections of the labyrinth takes in the 
diseases which are followed by a sudden loss of function of the 
vestibular apparatus. These comprise the acute labyrinthine 
suppurations, the apoplectic form of Meniere’s disease (hasmor- 
rhage into the internal ear), and the traumatic lesions of the 
internal ear. The intensity of the symptoms varies according 
to whether the anatomical changes in the vestibular apparatus 
develop rapidly or slowly. The violent symptoms are most fully 
developed in the apoplectic form of Meniere’s disease, and in 
injuries of the labyrinth produced by operative procedures or 
traumas. The nystagmus towards the healthy side is, in these 
cases, produced by the vestibular apparatus on the healthy side. 
In the severe attacks, dizziness, tinnitus, and vomiting are almost 
alwaj'^s present. Every attempt to change the position of the 
body or to get up increases the nystagmus and the subjective 
symptoms. The face is pale, the expression languid, the skin 
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cjvei’Gd witli cl cold sweat, and tlie pulse small, often retarded. 
In attempts at walking or standing, the patients fall towards 
the affected side. The vestibular apparatus of the affected side 
no longer reacts to caloric irritation (Barany). The severe 
symptoms do not, as a rule, last long. After several days the 
vomiting ceases, the dizziness abates considerably or ceases 
entirely, and the nystagmus and disturbances in equilibrium 
also fire greatly diminished. When the nystagmus has dis- 
appeared, or is still very ’slight, the labyrinthine affection has 
entered the latent stage. The caloric and galvanic tests show no 
reaction at all on the affected side. When rotating the patient 
towards the diseased side, one finds, after ten revolutions, a more 
marked and longer (about thirty seconds) nystagmus than when 
rotating the patient towards the healthy side (about fifteen 
seconds) (Barany). 

One must distinguisb. aural vertigo from that caused by refraction anomalies 
of the eyes, and by paralyses of the ocular muscles; furthermore, from that 
observed in acute and chronic infectious diseases, in toxic infections (alcohol, 
nicotin, quinine, salicylic acid), in disorders of the stomach, in disturbances of 
the circulation (anosmia, arterio-sclerosis, lieart-failure, etc.), in nephritis, 
diabetes, tuberculosis, in nervous affections (neurasthenia, hysteria, hemi- 
crania), as aura of an epileptic attack, in cerebral and cerebro-spinal affections 
(brain tumours, multiple sclerosis, progressive paralysis, tabes), and in traumas. 
The vestibular symptom-complex occasionally observed in individuals with 
normal ears is termed ‘ pseudo -Meniere’ by v. Frankl-Hochwart. 


The Diagnosis of Diseases of the Auditory 
Nerve Apparatus. 

The diagnosis of a diseased condition of the auditory nerve 
presents great difficulty in many cases. This not only applies 
to the differential diagnosis between diseases of the middle ear 
and auditory nerve apparatus, but also to those cases in which an 
affection of the nerve apparatus has been established, as it is 
often impossible to determine whether the lesion has its seat 
in the labyrinth itself, in the root of the nerve, or in its central 
course. In addition to this, middle-ear and labyrinthine diseases 
are often combined, and it is not possible to decide in such cases 
how much of the disturbance of hearing is due to the middle-ear 
disease, or to the affection of the labyrinth. 

The diagnosis of disorders of the auditory nerve is made 
chiefly from the presence of certain symptoms, and from the 
results of the functional tests. The greatest importance must 
be attached to the latter, because in the majority of cases in 
which the ocular examination yields a negative result, and in 
which the Eustachian tube is permeable, only the functional tests 
allow us to assume that we are dealing with an affection of the 
acoustic nerve. 

The details of the hearing tests have already been given in the 
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chapter on Tests for. Hearing (p. 140). In order to avoid repeti- 
tion, only the most important data for making a diagnosis will 
be mentioned here. 

Testing with the watch and acoumeter in diseases of the acoustic 
ner^^e does not inform us as to the hearing distance for speech. 
As a rule, however, when the deafness is slight, speech is per- 
ceived at a relatively greater distance than the watch. A 
diminished perception for the watch through the cranial bones 
cannot always be considered a symptom of a diseased condition 
of the auditory nerve.* Where, however, a loud- ticking watch or 
acoumeter is perceived faintly or not at all through the cranial 
bones, it is justifiable to assume that there is a diminution in the 
power of perception of the auditory nerve apparatus. Testing 
with the tuning-forks is more important, and especially with the 
low and c. Examination shows here that frequently even 
when there is a marked disturbance in, hearing, the perception for 
the lower range is less impaired than in analogous disturbances 
in hearing brought about by an obstruction in the sound- 
conducting apparatus. 

On the other hand, testing with high tones has only a limited 
use. When the diagnosis of a nerve affection has been positively 
established, there is sometimes a complete loss of perception for 
high tones; such a result, taken in conjunction with the percep- 
tion for low tones, is of great value in helping us make the diag- 
nosis of an affection of the auditory nerve. It frequently happens, 
however, in cases of marked, uncomplicated disease of the sound- 
perceiving apparatus, that high tones are perceived nearly to the 
highest range of the scale, in addition to the perception for low 
tones. I 

When Ave are dealing Avith a case of unilateral disturbance of 
hearing (Weber’s test, p. 155), and the tone of the vibrating 
tuning-fork placed on the A^ertex is localized toAvards the normal 
ear, it can be assumed that there is an affection of the labyrinth 
only if, at the same time, the results of Einne’s test, testing the 
perception for high and Ioav tones, and the entire symptom- 
complex indicate a diseased condition of the auditory nerve 
apparatus. 

If Einne’s test is positWe, and the hearing poAver for speech is 
greatly reduced, Ave can assume Avith great probability that there 
is an affection of the internal ear; the result 'of Einne’s test, 
(p. 157), must, hoAvever, ahvays be taken in conjunction Avith 
the results of the other methods of examination in making a 
diagnosis of an affection of the auditory nerve. 

A strikingly shortened perception for the c^ tuning-fork 

* This applies only to individuals who have not passed their sixtieth year. 

t Panse {Arcliivf. Ohrenheilk., vol. lix.) found in a number of eases examined 
clinically and anatomically, in Avhich there Avas an atrophy of the basal ganglion 
cells, that the perception for the high and highest tones Avas presenmd. 
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through the cranial bones (Schwabach’s test, p. 153) is a,n 
important factor-in establishing a diseased condition of the sound- 
perceiving apparatus, if taken in conjunction with the positive 
results oflihe tuning-fork tests just given above.* 

Gelle’s test (p. 159) can be used as a means of establishing 
the diagnosis of an affection of the labyrinth, in cases of marked 
deafness, only if severe dizziness and an increased perception for 
the tone of the tuning-fork are produced under a centripetal 
pressure of even moderate degree. Both may be absent when 
. there is a marked disease of the labyrinth. 

The result of the examination with musical tones often agrees 
with that obtained by means of the tuning-fork; when testing 
the perception, however, for low and high tones with different 
musical instruments, it is not infrequently found that the results 
are completely opposite. 

Bezold’s series of tuning-forks (p. 143), in addition to Galton’s 
whistle, are recommended as means by which partial tone defects 
may be ascertained. 

Moos observed, in a leader of an orchestra, sudden deafness for low tones, 
wliich was due to a sudden concussion of air acting upon both ears (bass- 
deafness). Scliwartze saw in a musician (Robert Franz) permanent loss of 
perception for high tones, and later total deafness, follow the action of the 
noise of a locomotive whistle; Burnett observed deafness for high tones 
above c'" in a woman forty-four years of age who had suffered from otalgia 
since her childhood; and Gottstein likewise met with a man forty-seven 
years of age who had also lost the perception for high tones from c upwards. 
In the case of an orchestra director, fifty-one years old, who had been examined 
by the author, ringing and buzzing in the ears had been present one year pre- 
viously; subsequent attacks of dizziness came on, and total deafness rapidly 
developed, first in the right and then in the left ear. Testing -with musical 
tones showed that the patient heard only the low tones with the left ear and 
the entire scale with the right, but that in the latter b and / of the middle range 
were completely lost. Kjiapp observed deafness for a group of tones in several 
cases of Meniere’s disease. Gronlund {Archiv f. Ohrenheilk., vol. Ivii.) found 
in a fifteen-year-old patient who became deaf suddenly that speech was per- 
ceived only as a noise, and a loss of perception for 62'!?^ right side, for 

d-d^ on the left side, and, furthermore, for C2-F2 on both sides. The loss of 
perception for single tones in the middle range of the scale is, on the whole, 
very rare. If the ear in such cases is provided with the corresponding Helm- 
holtz resonator, it will be found that there is seldom total deafness, but only a 
diminished perception for that particular tone. Tone defects are often found 
in the upper, seldom in the lower, range of the scale. Bezold observed several 
cases of total deafness in whieh there was still perception for single tones of 
the upper scale, wliich he termed auditory islands {Hdrinsdn). Although tone 
defects show that there is probably an affection of the acoustic nerve, still 


* Urban Pritchard (JlJanuaZ 0/ Diseases of the Ear, London, 1886) uses a 
small tuning-fork devised by Gardiner Brown, by means of which the differ- 
ence of time is measured in which the patient fails to jrerceive the tone, and 
the physician no longer feels the vibrations with his finger. If the patient 
perceives the tone longer than the person examining can feel the vibrations, 
it can be taken for granted that the disturbance of hearing is due to some con- 
dition obstructing the sound conducting apparatus; but if the reverse is the 
case, it points towards an affection of the labyrinth. 
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they do not exclude the simultaneous existence of some condition obstructing 
the sound-conducting apparatus. Tlus is seen from a case reported by Magnus 
{A. f. 0., vol. ii.), in wliich the tones /,/|, g, g^, a^, and h in the scale beginning 
•with c below the staff to the octave above, were not heard, and in Avliich the 
post-mortem examination of the ear showed ankylosis of the stapes and calci- 
fication of its foot-plate. The more minute details of the finer changes in the 
labyrinth in this case were not given. Franld-Hochwart several times observed 
false perception for tones in cases with Meniere’s symptom-complex. 

The speech tests are of little value in making the diagnosis of 
an affection of the labyrinth. According to 0. Wolf (see p. 148), 
the failure to perceive/, r lingual and whispered u, and, accord- 
ing to Bezold, the non-perception of some numerals, is supposed 
to indicate an affection of the auditory nerve apparatus. Total 
deafness for speech is no positive sign of an acoustic disorder, 
inasmuch as cases are met with in which the hearing power for 
speech, which is completely absent, again returns for a short 
distance after an inflation of air or after the application of an 
artificial drum membrane; this, therefore, demonstrates that the 
deafness was partially caused by an increased labyrinthine 
pressure owing to some abnormal condition in the tympanic 
cavity. Nevertheless, total deafness for speech, taken in con- 
junction with the other symptoms, is an important factor in 
establishing the diagnosis of a labyrinthine affection. 

The examination of the membrana tympani and Eustachian 
tube is of diagnostic value in determining an affection of the 
auditory nerve only in recent cases and when the appearance of 
the membrane is normal. If in cases of sudden marked deafness 
the membrane has a normal appearance and the tube is permeable, 
it may be concluded with great probability that the loss of hear- 
ing is caused by an affection of the auditory nerve, particularly 
if the other results of examination also point in that direction. 
On the other hand, visible structural changes on the membrane, 
such as opacities, slight retractions, and absence of the light 
reflex, do not, however, exclude the possibility of an uncom- 
plicated affection of the auditory nerve apparatus. 

The assumption that, in uncomjflicated affections of the sound- 
perceiving apparatus, no alteration in the hearing distance is 
obtained by an inflation of air is not true, as the author has 
seen cases’ in which the objective examination and all the 
symptoms pointed to an affection of the labyrinth, and in which 
a striking increase, less often a diminution, in the hearing 
distance was obtained after an air douche. This is readily 
understood if one takes into consideration that the air douche 
produces variations of pressure in the labyrinth by changes of 
tension in the middle ear, which influence the acuteness of 
hearing. As a rule, however, the changes in the hearing distance 
obtained by the air douche are much more limited in affections 
of the lafij’^rinth than in diseases of the middle ear. 
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The author has also observed a striking irnprovement in the 
hearing, a diminution in the troublesome noises, and a subjec- 
tive feeling of relief, follow rarefaction of the air in the external 
meatus. On the other hand, it is found that condensation of 
the air in the external meatus and the various forms of massage 
often produce a feeling of tightness in the head, dizziness and 
deafness, and should therefore not be employed in uncomplicated 
affections of the sound-perceiving apparatus. 

In reference to the diagnosis of affections of the vestibular ' 
apparatus, the reader is referred to the methods of examination 
(p. 164) and the symptoms of its functional disturbances. 

The differential diagnosis of affections of the separate portions of the laby- 
rinth is still very difi&cult. Wittmaack (Zeitsclir.f. Ohrenheilk., vol. 1.) assumes 
that in affections of the labyrinth there must always be symptoms arising from 
the cochlear and vestibular apparatus; an isolated affection of one or the other 
portion of the labyrinth is hardly likely to occur. True disturbances in hearing 
without vestibular symptoms may, therefore, always be traced to a primary, 
usually toxic, affection of the ramus cochlearis, with a secondary degenerative 
change in the cochlea — a view which is contrary to the most recent clinical 
examinations and conditions found posl-morlem. 

It must finally be mentioned that, in all disturbances of hearing 
in which the symptoms give rise to a suspicion of a disease of 
the central nervous system, we must always make a thorough 
examination of the entire body for sensory and motor dis- 
turbances, of the parts innervated by the cranial nerves, of the 
tendon reflexes, and of the fundus of both eyes, pupils, etc. 

The terminations of affections of the internal ear depend on 
the etiology, on the bases of the pathological condition, and on 
the state of the general system of the patient. That some 
diseased processes in the labyrinth and auditory nerve can 
recede with a complete restoration of the hearing function is 
beyond doubt. On the whole, however, a return to the normal 
is much less frequent than in the middle-ear affections. Hyper- 
lemia in the labyrinth, serous infiltration of its structures, and 
capillary ecchymoses, may disappear completely, without leaving 
any disturbance in the hearing. On the other hand, it can he 
assumed, from clinical experience, that extensive changes, such 
as suppurative and non- suppurative inflanimations, severe 
hsemorrhages, profuse invasion of micro-organisms, new formation 
of connective tissue and bone, the regressive changes in the 
auditory nerve (atrophy, fatty and colloid degeneration), and 
so forth, lead to a more or less rapid disorganization of the 
acoustic nerve, which is not capable of restitution, and which is 
associated Avith a loss of the hearing function. 

The prognosis of affections of the auditory nerve apparatus 
depends on the etiology, the duration, and the intensity of the 
disease. It is, on the AA^hole, regarded as unfavourable. This 
applies especially to the apoplectic form of deafness which arises 

42 
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suddenly, to labyrinthine affections which develop after the 
infectious diseases and after cerebro-spinal meningitis, to a 
panotitis, and to the cerebral disturbances of hearing. 

The prognosis is more favourable in recent rheumatic 
paralyses, in paralyses of the acoustic nerve brought about by 
drugs, in some forms of hysterical deafness, in mild concussions 
of the labyrinth, and to a limited degree in the syphilitic affections 
of the internal ear. 


The Diseases of the Auditory Nerve Apparatus. 

I. Hyperaemia of the Labyrinth. 

Hyperemia of the labyrinth is rarely confined to this portion 
of the ear alone, but is usually associated with congestion of the 
middle ear and cranial cavity. 

According to clinical and anatomical observations, intense 
hyper£emia of the labyrinth is observed in acute purulent 
middle-ear inflammations Avhich arise with violent reactive 
phenomena; this applies especially to those forms arising in 
the course of scarlet fever, diphtheria, and typhoid fever. At 
the 'post-mortem examination of such cases, the author found 
the congestion most marked on the external labyrinthine wall 
and in the first turn of the cochlea. It is a rare occurrence to 
find this congestion extending uniformly over the entire lining 
membrane of the labyrinth, the utricle and saccule, the semi- 
circular canals, and the lamina spiralis. 

The following may be regarded as further causes of laby- 
rinthine hypereemia: The acute exanthemata, typhoid fever, 
mumps, pneumonia, meningitis, encephalitis, puerperal fever, 
and tumours at the base of the brain, which arrest the flow of 
blood from the labyrinth by pressure uj)on the veins coming 
from the internal meatus; furthermore, thrombi in the blood 
channels of the petrous portion of the temimral bone and in the 
internal jugular vein, congestion of the head in consequence of 
goitre, heart and lung affections, angioneurotic congestion of 
the cranial vessels, and, finally, the use of certain drugs, as for 
instance, amyl nitrite. 

Congestion in the labyrinth produces temporary disturbances 
of hearing or permanent anatomical changes, which vary 
according to its intensity and duration. Such anatomical 
changes, Avhich are so frequently met with in chronic middle- 
ear inflammations, are recognized as abundant deposits of pig- 
ment in the labyrinth, accumulations of calcareous salts, and 
thickening of the membranous structures of the labyrinth. 

Clinical Symptoms. — The clinical symptoms of labyrinthine 
hyperfemia are: Subjective noises, dizziness, a feeling of fulness 
in the ears and tightness in the head, nausea, tendency to vomit, 
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and unsteady gait. When there is a sensation, of dazzling before 
the eyes, deafness, and a feeling of heaviness in the- head, it is 
probable that the hyiDersemia of the ear is part of a hyperaemia of 
the brain. With these symptoms of congestion, the inner portion 
of the osseous meatus and the vessels along the handle of the 
malleus are not infrequently found injected, which indicates a 
general hyperaemia of the entire organ. This is occasionally 
associated with redness of the face and auricle. Hyperaemia 
of the internal ear may exist, however, without any apparent 
injection of the external ear and membrana tymj)ani. In the 
congestive forms the hearing is altered to a slight degree; this, 
however, is usually only of a temporary nature. 

Diagnosis. — The diagnosis of hyperaemia of the labyrinth 
may be made with probability if, in addition to the above-men- 
tioned subjective symptoms, examination with the speculum 
reveals a congestive condition of the ear. Hyperaemia of the 
labyrinth, which is associated with temporarily recurring con- 
gestion of the brain, is distinguished from Meniere’s disease, 
with which it presents* great similarity, in that the symptoms 
rapidly subside without leaving any permanent disturbances of 
hearing. 

The differential diagnosis between hyperaemia of the labyrinth 
and of the brain is made with more difficulty, as similar symptoms 
can be produced by brain congestion — that is to say, by irritation 
of the acoustic centre. We may, therefore, conclude that there is 
a hyperaemia of the labyrinth only if the objective examination 
shows congestion of the ear; it must also always be borne in 
mind that there may be a simultaneous hyperaemia of the brain, 
which may give rise to the same combination of symptoms. 

In acute inflammations of the middle ear it may be assumed 
that there is also a co-existent hyperaemia of the labyrinth if, 
in addition to severe subjective noises, there is marked deafness, 
if the perception for the watch and acoumeter through the cranial 
bones is lost, and if these symptoms do not immediately disappear 
after an inflation of air or after the removal of secretion from the 
tympanic cavity, but subside only in the further course of the 
affection as the inflammation in the middle ear diminishes. 

Labyrinthine hyperasmia developing in the course of the 
infectious diseases cannot, as a rule, be diagnosed. We can 
presume only at a later stage that the disturbance of hearing was 
due to a hyperaemia of the labyrinth or of the acoustic centre 
(possibly from a serous saturation and small-cell infiltration) if 
the hearing power returns to normal during convalescence. 

Treatment. — The treatment of hyperaemia of the labyrinth 
depends on the cause. It is advisable to keep the patient 
at rest, and have him lie in bed with the head raised. 
1 urthermore, it is recommended to apply ice-bags or cold com- 
presses to the head, to use alcoholic embrocations behind the 



66o 


DISEASES OF THE EAR 


auricle (spiritus aromaticus, spiritus formicar., Hoffmann’s 
balsam, aa 30-0), to take warm foot-baths, to keep the bowels 
open, and, finally, in the case of plethoric patients, to induce local 
bleeding at the mastoid process. Sometimes the application of a 
cup to the nape of the neck is sufficient to remove the dizziness 
and tinnitus. As the attacks recur at longer or shorter intervals, 
all harmful influences must be guarded against w'hich might 
occasion a return of the congestion. It is advisable, therefore, 
for such patients to lead a regular life, to take daily exercise in 
the open air, to live on a simple, easily digested diet, and to uge 
alcohol and tobacco as little as possible. If the patients are 
troubled with constipation, mild saline purges may be given. 
Sometimes cold spongings prove beneficial, while, on the other 
hand, cold douches to the head have an injurious effect. The 
application of the galvanic current to the sympathetic nerve of 
the neck is indicated in the angioneurotic forms. When the 
subjective noises predominate, large doses of sodium or potassium 
bromide render good service. 

Acting on the idea that the disturbances of iicaring ninning their course 
with dizziness and tinnitus are caused by an increased labjrrinthine pressure, 
Botey {Ann. des malad. de Voreille, etc., 1890) is supposed to have obtained 
a favourable result by puncture of the membrane of the round vdndow, and 
by aspiration of the lab3Tinthine fluid %vith a peculiarly constructed cannula. 
Forns {ibid.) questions the practicability and efiScacy of this procedure, which 
had previously been performed by Cozzolino (1889). 


II. Ansemia of the Labyrinth. 

Anaemia of the labyrinth is usually part of a general anaemia. 
The symptoms of irritation and paralysis of the auditory nerve 
apparatus which are produced by it, usually appear after the 
sudden loss of a large quantity of blood, after severe haemor- 
rhages associated with parturition, in pernicious anaemia, in osteo- 
ruyelitis (Wagenhauser, A. f. 0., vol. xlvi.), after severe, acute 
diseases, less often in chlorosis, and in cases of anaemia due to 
chronic affections. Anaemia of the internal ear, in consequence 
of an angioneurosis (angiospasm) due to some disorder of the 
sympathetic nerve, is an extremely rare occurrence, and will again 
be referred to when we come to speak of neuroses of the acoustic 
apparatus (p. 693). 

_ An anaemia of the labyrinth may be produced by an impaired 
circulation of the internal auditory artery. 

The anatomical causes of such an obstruction are: Aneurisms 
of the basilar artery, neoplasms which have groAvn from the dura 
mater or from the brain into the internal auditory canal, thus 
compressing the internal auditory artery, emboli of this blood- 
vessel, and constriction of the internal auditory artery due to 
atheromatous deposits. It is probable that in old individuals 
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this chronic endarteritis not infrequently extends to the vessels 
of the labyrinth, and forms the foundation of disturbances of 
hearing. 

Morpurgo and the author saw a man seventy years of age who had suffered 
for a number of years from severe subjective noises which had been associated 
witli a moderate degree of deafness; death was suddenly caused by ruptoe 
of the aorta, and it was found that, in addition to an extensive endarteritis,' 
there were also deposits in the basilar artery from which the process extended 
to the internal auditory artery. 

Disturbances of hearing arising in the course of severe htemorrhages may 
be traced to a simultaneous antemia of the organ of hearing and of the central 
nervous system. In cases of pernicious and simple anaemia, anatomical 
changes, such as haemorrhages into the labyrinth, have been found. In a case 
of deafness following a severe haemorrhage, as observed by Urbantschitsch, no 
anatomical changes could be discovered in the brain or in the ear itself. Schwa- 
bach {Zeitschr.f. OlirenheilJc., vol. xxxv.) found, in a case of pernicious anaemia 
in which there was hardness of hearing, a haemorrhagic extravasate in the middle 
car, while the labyrinth and auditory nerve were, however, intact. 

Symptoms. — The symptoms of anaemia of the labyrinth 
after sudden marked haemorrhages, and of the angioneurotic 
form, are: Striking paleness of the face, intense tinnitus, and 
marked deafness, which are accompanied by dizziness, fainting 
spells, and vomiting. The symptoms as a whole resemble those 
of sea-sickness, and may be partially traced to a co-existing 
anaemia of the brain. The phenomena recede more or less 
quickly with the disappearance of the anaemia. Subjective 
noises and deafness are the main symptoms in those disturb- 
ances of hearing associated with chronic general anaemia. 
Their intensity depends on the condition of the bloodvessels of 
the head, and on the congestion produced by joyful emotions; 
they are also influenced by the indulgence in alcoholic beverages, 
and by the position of the patient, especially when he lies on his 
back. 

Treatment. — The treatment of anaemia of the labyrinth 
depends on the cause. The aural symptoms which arise after a 
considerable loss of blood do not require any local treatment, 
as they recede with the disappearance of the general anaemia. 
Tn the angioneurotic forms, the internal administration of sodium 
or potassium bromide and quinine, and the application of the 
galvanic current to the sympathetic nerve of the neck, have 
proved beneficial. In chronic general anaemia, the usual treat- 
ment must be given, and as the general condition improves, the 
aural symptoms will gradually disappear and the hearing return 
to normal. 

Lermoyez des malad. de VoreilU, 1896) recommends tbe inhalation 

of several drops of amyl nitrite in those cases in which the labyrinthine symp- 
toms are attributable to an anremia of the internal ear. The diminution in the 
subjective noises, the subsidence of the dizziness, and the objective improvement 
in the hearing, render amyl nitrite in such cases of special value. 
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III. Hasmorrhages into the Labyrinth. 

Small extravasations of blood into the labyrinth occur in con- 
sequence of a marked byperromia which develops rapidly; these 
are most commonly observed in the course of typhoid fever, 
variola, scarlet fever, diphtheria, mumps, nephritis, diabetes, 
leukaemia, pernicious anaemia, sudden cessation of menstruation, 
in caisson-workers and divers, and in death due to suffocation. 
The rupture of the bloodvessels is favoured by an atheromatous 
degeneration of the arteries, and by a chronic congestive hyper- 
a3mia associated with cardiac diseases. The finding of recent 
hasmorrhages in the labyrinth of animals which have been killed 
with chloroform is, according to Alexander’s experiments, to be 
interpreted as agonal. 


a 



Fig. 285. 

a, Section of the osseous semicircular canal; b, Extravasated blood; c, Section jof 
the membranous semicircular canal. 


Ecchymoses are most frequently observed in the lamina 
spiralis and modiolus, less often, however, in the saccule and 
utricle, and in the ampullae. The extravasated blood may be 
absorbed, or the haemoglobin may remain as granular or flaky 
pigment. 

Larger effusions of blood into the labyrinth are found — (1) In 
injuries of the labyrinth due to fractures of the skull, and with 
fissures in the petrous bone. (2) In severe concussions of the 
skull. (3) In extensive carious processes in the temporal bone, 
especially in caries and necrosis of the iietrous portion. In 
several cases in which the labyrinthine capsule remained unin- 
jured, the author found different portions of the labyrinth- — as, 
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for instance, the cochlea — covered with a blackish-brown, bloody- 
extra vasate. In a man who had died of meningitis secondary to 
otitis, and in whom the labyrinthine capsule was not eroded, the 
author found, on microscopic sections of the labyrinth, the bony 
(ft) and membranous superior semicircular canal (c) (Fig. 285) and 
the ampullae filled with a bloody extravasate (5), while the vesti- 
bule and cochlea were entirely free. (4) In diseases of the brain 
and its membranes, especially in primary and tubercular menin- 
gitis; in haemorrhagic pachymeningitis; and furthermore in 
progressive paralysis (Moos and Steinbrugge, Zmiscli. Jiir Ohren- 
heillc., vol. ix.). 

It remains to be seen from clinical and anatomical investiga- 
tions whether liaemorrhages into the labyrinth can be produced 
by pathological changes in the vaso-motor centre. The experi- 
ments of Laborde and Duval (Baratoux, Patliogenie des affections 
de Voreille, Paris, 1881) indicate the possibility of such occur- 
rences; they found, on several occasions, that hasmorrhages into 
the cochlea took place when the medulla oblongata was punctured 
at certain parts. 

Terminations. — The terminations of haemorrhages into the 
labyrinth are: Absorption, inflammation which may end in sup- 
puration, organization of the exudate, or, finally, atrophy and 
degeneration of the epithelium, of the connective tissue, and of 
the nerve elements, with the excessive formation of granular 
cells, hyaline bodies, and deposits of pigment. 

According to Moos, the pigment metamorphosis of the extravasated blood in 
the labyi'inth is sometunes extracellular and sometimes intracellular (owmg 
to cells containing blood-corpuscles). The form and colour of the pigment 
present the same variations here as in other parts of the body. As a variable '' 
quantity of pigment is often found in the cochlea, even in the normal state, 
only large accumulatioirs in the labyrinth can be regarded as pathological 
(Schv'artze). 

The Apoplectic Form of IVIeniere’s Disease. 

Based on a number of cases observed clinically in which 
sudden deafness arose with apoplectic symptoms, accompanied 
by dizziness, vomiting, and subjective noises, Meniere came to 
the conclusion that he was dealing in these cases with a peculiar 
affection of the labyrinth, in which, by an effusion of blood or 
by an acute exudation in the semicircular canals, a series' of 
symptoms was produced similar to that which has been observed ' 
in animals after the semicircular canals have been injured. 

The first case which had been carefully observed clinically, and 
m which a 'post-mortem examination was made, was published by 
ileniere {Gaz. med. de Paris, 1861); the patient was a young 
girl who, in consequence of a cold at the time of her catamenia, 
suddenlj’^ became deaf with symptoms of severe dizziness and 
vomiting, and died on the fifth day of the disease. The autopsy 
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revealed an unaltered state of the brain and spinal cord, but- 
showed that the semicircular canals were filled with a reddish, 
plastic exudate which extended into the vestibule, while the 
cochlea was in a normal state. 

Since the publication of Meniere’s jjaper, this affection, which 
is characterized by a distinct clinical picture, has been repeatedly 
observed and described. A distinction of this form of disease 
from other diseases of the ear and central nervous system, 
associated with a similar symptom-complex, seems justifiable 
from a clinical point of view.* Of the cases which have been 
thoroughly examined 'post-mortem, the following must be briefly 
mentioned: 

A case recorded by the author [Allg. Wien. med. Zlg., 1862) was that of a 
woman, fifty-six years of age, who, fourteen years previously, suddenly became 
deaf, Avith temporary unconsciousness, and Avith symptoms of the apoplectic 
form of Meniere’s disease. The post-mortem examination showed a bony 
growth on the external lab 3 rrinthine wall, the origin of which was probably 
due to an inflammation of the lining membrane of the labyrinth at that place. 
Among the cases of haemorrhage in the labyrinth reported in literature, there 
is no other case, according to the author’s knoAvledge, of the apoplectic form 
of deafness in an individual in whom the ears Avere previously normal. The 
finding of haemorrhagic extravasates and leulcajmic exudations in the labyrinth 
of leukaemic individuals who during their life showed labyrinthine symptoms 
is far more common (compare ‘ Leukaemic Deafness ’). We must mention here 
the cases of Steinbrugge, Weber, Parkes, Lake, Lannois, Alexander, Koch 
{Zeitschr.f. Ohre^ilieilk.),^ Mott {M^.-Surg. Transactions, 1883), Alt and Pineles 
{Infiltration of the Anditorg Nerve). F. Alexander and Manasse {Zeitschr.^ f. 
OhrenheilL, Ami. Iv.) found, in a case of progressive labyruithine deafness which 
presented typical Meniere’s symptoms a short time before the patient’s death, 
recent multiple haemorrhages in the ramus cochlearis and vestibularis. 

This affection usually attacks strong, robust individuals in 
the middle years of life Avhose poAver of hearing was previously 
normal. It seldom happens that tinnitus, slight attacks of dizzi- 
ness, and a mild degree of deafness, have existed for a shorter 
or longer period before the attack presents itself. The following 
are considered the causes of this disease: intense heat, especially 
long exposure to the heat of the sun, rheumatic influences, 
influenza, lues, metalues, tabes dorsalis, leukaemia, nephritis, 
and pernicious anaemia. The cause of the affection often remains 
obscure. 

Meniere’s disease presents itself either Avith symptoms of an 
apoplectic form of congestion of the brain, or in the form of a 
true apoplectic attack. It begins either with dizziness, tinnitus, 
nausea or vomiting, staggering gait, and marked deafness, or 
the individual falls suddenly with loss of consciousness as if 
struck down. Consciousness usually returns after a short time. 
The patient’s face is pale and bathed in cold SAveat, there is a 

* A complete and instructiAm account of this subject is found in Franlvl- 
Hochwart’s monograph, Der Menidre’sche Symptomencomplex. in Nothnagel’s 
Spec. Pathologic u. Therapie, Vieima, Holder, second edition. 
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bilateral, more rarely a unilateral, hardness of hearing, or deafness 
accompanied by severe subjective noises, and as he nries to rise 
he has a feeling of nausea, vomiting, marked dizziness, and a 
staggering gait.* With every movement the dizziness and 

nausea increase. f . 

The examination of the ear usually shows a negative condition 
of the membrana tympani and of the Eustachian tube, and 
a minute investigation of the nervous system also demonstrates 
that there is no disturbance in the function of the cranial and 

spinal nerves. . . . 

The hearing is either comj)letely destroyed or so diminished 
that only very loud noises in the immediate vicinity of the ear 
can be heard; the perception for the watch and acoumeter 
through the cranial bones is always absent. When the affection 
is bilateral, the tone of a vibrating tuning-fork placed on the 
vertex is not perceived at all or only indistinctly; in unilateral 
affections, however, the sound is always lateralized towards the 
normal ear. In total deafness, Rinne’s test may be apparently 
negative. 

Course. — The course of Meniere’s disease varies according to 
the intensity of the symptoms. Of the violent symptoms observed 
at the beginning of the attack, the unconsciousness and vomiting 
are the first to disappear, while the dizziness and disturbance of 
equilibrium, as a rule, diminish only in the course of several days 
to such an extent that the patient is able to walk a short distance 
with the aid of a cane. If there is a rotatory nystagmus to- 
wards the healthy side, it is usually noticed that, when the patient 
walks, there is a tendency to fall towards the affected side. The 
disturbances of equilibrium experienced in the dark, and while 
walking with closed eyes, are especially noticeable, inasmuch as 
even in those cases in which the affection is of a mild degree, the 
unsteadiness of gait may be as pronounced as that met with in 
the most severe forms of ataxia. The author can confirm, from 
his own experience, the observation'of Guye that, in the beginning 
of the disease, the handwriting of the patient becomes completely 
altered, so that it resembles that of a tremulous old man. As 
the dizziness and unsteady gait decrease, the handwriting 
gradually regains its former character. In addition to the 
symptoms previously rnentioned, it is found that in the first few 
weeks of this apoplectic form of deafness, psychical depression, 
slow cerebration, aird weakness of memory also develop, so that 

* Tlie oppression and asphyxia, as well as the vomiting, are attributed 
uy Moos and McBride to a reflex action of the vagus. Hughlings-Jaclcson 
attributes the marked^ paleness, cold perspiration, fainting spells, and vomiting 
to the intimate relations of the acoustic nucleus to those of the vagus and 
accessoiy ncn’es. ° 

Cp.^ Urban Pritchard, ilfemerc’s Disense (Tntemat. Med. Congress in 
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the neurasthenic condition which, in some patients arises during 
the course of the disease, plays an important part. 

In those patients in whom no relajiso takes jdace after the 
first attack, the dizziness and. disturbances of equilibrium 
gradually decrease, and disappear entirely within, a few weeks 
or months. The unsteadiness in the gait may, however, con- 
tinue for years. The marked buzzing and hissing in the ears 
and head diminish in their intensity in the later course of 
the disease, but may continue unabated, even with total deafness, 
throughout the entire life of the patient. The loss of hearing 
usually remains stationary; it is only in exceptional cases 
that a slight improvement is observed, w-hich is either per- 
manent or gradually becomes worse after months or years. Occa- 
sionally the affection runs its course without any relapse. Still, 
the author has repeatedly seen patients in whom new attacks of 
dizziness and vomiting, with a simultaneous increase in the other 
symptoms, have reappeared even after weeks, months, or years. 

Diagnosis. — The diagnosis of the apoplectic form of Meniere’s 
disease is made from the combination of symptoms already 
mentioned, and from the absence of symptoms of paralysis of 
any of the other cranial and spinal nerves. The assumption that 
we are dealing with an affection of the brain in these cases is, 
according to MeniM’e, out of the question, because symptoms of 
paralysis are observed in no other organ except the auditory 
nerve apparatus. This would not be possible, however, if the 
nuclei of the acoustic nerve were affected, inasmuch as the 
centres of other cranial nerves lying in the immediate vicinity 
would also become involved in the pathological process. In 
those cases in which it is found that tinnitus, a feeling of pressure 
and fulness in the ear, repeated attacks of dizziness and stupor, 
or a mild degree of deafness, have existed for some time previous 
to the attack, the diagnosis of Meniere’s disease must not be 
made without some further evidence. This is easily understood, 
as it has been previously stated that attacks of dizziness associated 
with ringing in the ears and vomiting and sudden deafness not 
infrequently also occur in diseases of the middle ear and of the 
brain. If Meniere’s disease occurs in individuals who are the 
subjects of nephritis, lues, leukaemia, or pernicious antemia, and 
in whom it is known that there is a predisposition to haemor- 
rhages, it may be assumed with probability that a haemorrhage 
or exudation has taken place into the labyrinth, provided an 
affection of the central nervous system can be excluded. 

Facial paralysis arising simultaneously with Meniere’s symptoms, and m 
which a middle-ear affection can be excluded, may, on the other hand, he 
regarded as due only to some central changes. V. Frankl-Hochwart observed, 
in cases of apoplectic form of Meniere’s disease, a simultaneous total parab^sis 
of the facial nerve, and attributed this entire combination of S3nnptoms to a 
hnsmorrhage at the base of the brain. 
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Somewhat different from thio is a condition deseribed by V. Frank!- 
Hoclnvart, as ‘ polyneuritis cerebralis Menieriformis,’ in which there are 
nerve deafness, timiitus aurium, and dizziness, associated ^yith a facial 
jiaralysis and herpes. Characteristic of this form, of disease is its sudden 
'appearance and its rapid recovery. 

The diagnosis of Meniere’s disease may be made with certainty 
only if the affection comes on with marked symptoms without 
any premonitory phenomena, and if the ear is examined shortly 
after the attack. If, therefore, a marked impairment in the 
hearing or deafness arises suddenly with symptoms of an 
apoplectic attack in a person whose hearing power was pre- 
viously entirely normal, if the gait is unsteady or staggering 
with no other symptoms of paralysis of other nerves, and if 
an examination made a short time after the attack shows a 
normal membrane and a perfectly permeable Eustachian tube, 
it may then be assumed with great probability that we are 
dealing with an affection of the labyrinth; it cannot be mistaken 
for an acute middle-ear affection, because this is always charac- 
terized by noticeable inflammatory changes on the membrana 
tympani. 

Prognosis. — The prognosis of the apoplectic form of Meniere’s 
disease is unfavourable; a cure or a decided improvement in 
the hearing has rarely been obtained. When the affection 
has existed only a short time and the hearing is not greatly 
reduced, the possibility of an improvement must not be excluded. 
When total deafness has existed for months or years, the prognosis 
is absolutely unfavourable. The dizziness generally disappears 
gradually, even if it has existed for years. 

Treatment. — The same applies in general to the treatment of 
Meniere’s disease and the combination of sj’^mptoms resembling 
this affection, as has already been mentioned under the treat- 
ment of hyperaamia and ansemia of the internal ear. In the 
apoplectic form, as well as in Meniere’s symptoms, which occur in 
paroxj'^sms, the treatment is inainly directed to the trouble- 
some head s.ymptoms. Cold compresses to the head, alcoholic 
embrocations behind the ears, sinapisms on the nape of the neck, 
frequently sponging the body, and the administration of mild 
purgatives, prove most beneficial in alleviating the violent symp- 
toms. The diet must be carefully regulated, and the use of 
alcohol, tea, and coffee forbidden. It is also advisable to make 
the patient lie on his back with the head moderately raised, as 
even the slightest motion or raising of the body is sufficient to 
bring on marked attacks of dizziness and vomiting. Loud noises 
and psychical depression are to be avoided. 

The internal administration of potassium iodide has proved 
most serviceable iiy relieving the dizziness and the other head 
symptoms. It is given in doses of J— 1 gramme per daj^ for at 
least throe to four weeks. Quinine (|— 1 gramme pro die), as 
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recommended by Charcot, has proved of value, but must, how- 
ever, be carefully Avatched in' each case, as sometimes even 
moderate doses may produce the opposite effect — that is, great 
excitement and increased tinnitus. Lucae (loc. cit.) recommends 
isopral (0-5 gramme pro die) as an excellent drug for the dizziness 
in cases of sclerosis and labyrinthine affections. The bromide 
preparations may be given for the nervous irritability. In the 
apoplectic form, after the violent symptoms ha^m subsided, sub- 
cutaneous injections of pilocarpin in 2 per cent, solutions (4-10 
drops pro die), or the internal administration of 4-8 drops of the 
same, is recommended in the second or third Aveek of the attack 
to aid absorption. 

Little may be expected from local treatment in the apoplectic 
form of this affection. It should be begun only after the violent 
head symptoms haAm ceased — that is, in about the second or 
third Aveek of the attack. It consists in the injection of -8-10 
drops of a AA^arm solution of potassium iodide (0-3 : 20-0), or a 
2 j)er cent, solution of pilocarpin, through the catheter into the 
tympanic cavity. The injections are given every second day 
for three to four Aveeks; in addition to these, inunctions of a 
potassium iodide or an iodide salve (1 : 20) may be applied to the 
mastoid process. 

The electric treatment {vide later) is contra-indicated in the 
beginning of the affection, because it increases the dizziness and 
tinnitus; even after the disappearance' of the disturbance _ of 
equilibrium only Aveak currents should be employed. According 
to V. Frankl-HocliAvart, one electrode is placed against each 
mastoid process, and by carefully opening and closing the circuit 
Aveak currents are used (not over 1-5 ma.); these are at first 
applied from tAvo to three, later from fiAm to seven minutes. In 
the beginning of treatment these electric applications should be 
giA'^en daily, later three times a Aveek. Franklin’s head-douche is 
sometimes serviceable instead of the gahmnic treatment. If, after 
fifteen to tAventy sittings, no improvement is noticed from this 
method of treatment, further attempts must be discontinued. 
In some cases drinking Avaters Avhich contain salts or iodides, and 
bathing in the same, and a sojourn in a high altitude, haA^'e proved 
beneficial. It must, hoAvever, be remarked that although no im- 
provement is effected in the hearing, still in some cases this 
method of treatment has a favourable influence on the head 
symptoms and on the mental condition of the patient. 

The symptomatic treatment detailed above can also be em- 
ployed in Meniere’s symptoms accompanying affections of the 
middle ear and labyrinth. Earefaction of the air in the external 
meatus (p. 135) is an important therapeutic measure, not only m 
middle-ear diseases, but also in affections of the labyrinth, inas- 
much as it often prevents or decidedly diminishes the attack. 
Earefaction of the air proves especially beneficial in those cases 
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in wliicli the attack is preceded by premonitory symptoms. 
It is, therefore, recommended to allow the patient, in whom 
Meniere’s symptoms appear in paroxysms, to carry with him a 
rubber tube | metre long, the one end of which can be hermetically 
introduced into the external meatus; when the patient has the 
sensation of an approaching attack, he can take the other end of 
the tube in his mouth, and by repeatedly aspirating he can rarefy 
the air in the external meatus. 

In cases of Meniere’s disease assoeiated witli clironic catarrhs of the middle 
car in wliich there is an impermeability of the Eustachian tube, local treatment 
[inflations of air, catheterization of the tube, and injections into the tympanic 
cavity (p. 122)] is often very serviceable. If the menibrana tympani is markedly 
retracted, or if there are cicatricial adliesions between the membrane and inner 
tympanic wall — conditions which would allow us to assume that there is an 
Overweighting of the stapes and an increase in the labyrinthine pressure — 
we should resort, after local and general treatment has failed, to division of the 
posterior fold of the membrane (p. 321), or of the adhesions of the membrane 
(p. 448), and eventually to tenotomy of the tendon of the tensor tympani muscle 
(p. 323); by these operative procedures it is oeeasionally possible to relieve the 
patient of his annoying symptoms. Babinsld reports favourable results from 
repeated lumbar puncture in cases in which there were dizziness, subjective 
noises, and hardness of hearing. Tr6tr6p, Lombard, and Caboche (Ann. des 
vial, de Voreilh, vol. xxx.), confirm the experiences of Babinski, especially in 
patients who suffer at the same time from disorders of congestion. 


IV. Inflammation of the Labyrinth. 

(Otitis interna.) 

Clinical observations of primary inflammation of the labyrinth 
with 'post-moriam findings are, up to the present, few in number. 

Voltolini has drawn the attention of otologists to an affection of 
the ear occurring in children which he designates as acute inflam- 
mation of the labyrinth. In children who are apparently in good 
health, the disease arises suddenly with fever, marked redness of 
the face, and vomiting, which are soon followed by unconscious- 
ness, delirium, and convulsions. These symptoms disappear 
completely within a few days, but total deafness and a staggering 
gait remain for some time. The iflienomena observed during the 
height of the disease present a great similarity to those of an acute 
meningeal affection. While, however, a meningitis ending in 
deafness generally runs its course within several weeks, the 
grave symptoms of this affection disappear within a short time, 
so that very often all the functions are restored to their normal 
state within four to five days, with the exception of the deafness 
and staggering gait. The difference in time in which the 
symptoms run their course is the main factor upon which the 
diagnosis of primary inflammation of the labyrinth is based. 

Tbo conclusion that an intracranial affection wliich leads to total parah'sis 
of the acoustic nen-c within a few days must necessarily also produce dis- 
turbances m the course of other cranial nerves, and that, 'therefore, a central 
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cause of the deafness in these cases may be excluded, does not seem sufficient 
evidence to allow us to establish with absolute certainty the diagnosis of an 
acute inflammation of the labyrinth. The observations of Gottstein show 
that abortive forms presenting a similar combination of symptoms occur 
during epidemics of cerebro-spinal meningitis, and that the initial symptoms 
subsid^e within a few days either with complete recovery or with a permanent 
loss of the hearing. The latter may be caused either by a simultaneous 
purulent inflammation of the labjTinth which has extended from the cranial 
cavity, or by an affection of the origin or root of the acoustic nen^e. The 
absence in these cases of simultaneous disturbances in the other cranial nerves 
may be explained by the fact that the auditory nerve may be permanently 
altered even by the slightest pathological change, while the other cranial nerves 
possess a greater power of resistance. 

The occurrence in children of a primary inflammation of 
the labyrinth, accompanied by the combination of symptoms 
previously described, has been firmly established by clinical 
observations and by post-mortem, findings. The results of these 
investigations have shown that inflammations of the labyrinth 
resulting in the new formation of connective tissue and bone 
occur more frequently than was formerly supposed. 

Partial or total ossification of the internal ear owing to an inflammation of 
the lab3Tinth has been observed a number of times. In a case of deaf-mutism 
examined by Gradenigo (Vereinig, shddenlscher scJnveizeriscJier Ohremrzte 
in Wien, 1887) an almost complete ossification of the labju’inth was found. 
Serial microscopic sections which came into the author’s possession b}’’ the 
bequest of his deceased friend. Professor Burcldmrdt-Merian, were taken from 
a deaf-mute thirty-six jmars of age. Examination showed that the greater 
part of the first turn of the cochlea was completely ossified, while the middle 
and upper turns u'ere not affected. The spiral ganglion still contained a number 
of ganglion cells. It must be mentioned, however, that in the cases of partial 
ossification of the labyrinth published so far, the new formation of bone was 
most highly developed in the first turn of the cochlea, and gradually became less 
towards the cupola. 

Of the pathological changes in the interior of the labyrinth produced by the 
primar^r and secondary inflammations of the labyrinth, the following must be 
mentioned: New formation of connective tissue; chalk deposits and hyper- 
ostoses in the walls of the labyrinth; the growth of reddish, succulent, con- 
nective-tissue masses filling the labju’inthine cavity; transformation of the 
connective tissue into bony masses (Politzer, Moos, Steinbriigge, F. Schultze); 
thickening of the utricle, saccule, ampullae, and semicircular canals (V oltolim, 
Vircli. Arch., vol. xxii.); deposits of pigment, cholesterin, and calcium salts 
in the membranous labjwinth; excessive grouffh of epithelium on the inner 
surfaces of the saccule, utricle, and scalm of the coclilea (Politzer); atrophj’’ 
of the membranous labyrhith; and, finally, fatty degeneration and atrophj’' 
of the organ of Corti. That an exudation maj’' also take place into the labj”^- 
rinth owing to an obstruction in the venous circulation is proved bj’’ the 
fqllo'wing case which came under the author’s notice: The patient was a man, 
sixty-tlwee years of age, in whom a sarcoma of the dura mater completely 
compressed the nerves and vessels of the internal auditory meatus. A plastic, 
fibrinous deposit about ^ mm. in thiclmess was found on the inner surfaces 
of the saccule and utricle, in the cochlea, and in the semicircular canals. 
The post-mortem examinations made by the author show that pathological 
changes (exudation, formation of connective tissue and bone) occur most 
frequently in the scala tj^mpani of the coclilea. According to Steinbriigge, 
the first turn of the cochlea is that part of the labjrrinth which undergoes the 
most intense changes. 
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Blau (Gorlitz, Verb. d. Deutsdi. otol. Ges., Wien, 1906) -found, by experi- 
ments on animals, that there was absolutely no reaetion to tones and noises 
after closure of the fenestra rotunda. This closure is folloived by an increased 
labyrinthine pressure and an inflammatory coagulation of the labyrinthine 
fluid, which lead to the new formation of connective tissue and bone, and to 
degenerative changes in the cochlear nerve. The labyrinthine inflammations 
induced by the purulent middle-ear processes were already discussed in the 
chapter on Labyrinthine Suppurations. 

The disturbances of hearing which are the sequelee of meningitis 
purulenta or of meningitis cerebro-spinalis epidemica are due 
to secondary inflammations of the labyrinth. They are, on the 
■svhole, seldom found after a primary meningitis "which has run its 
course. The deafness in these cases is due to a purulent inflam- 
mation of the ependyma and softening of the floor of the fourth 
ventricle, to purulent infiltration, fatty degeneration and atrophy 
of the root of the acoustic nerve, and to purulent inflammation of 
the labyrinth -with its various sequelae. 

The deafness arising in the course of the primary form of 
meningitis becomes evident either immediately after the return of 
consciousness, bet-ween the third and eighth -week of the disease, 
or it develops more or less rapidly only during convalescence. It 
is only in exceptional cases that the disturbance of hearing is 
associated -with unilateral or bilateral blindness, strabismus, and 
paralysis of other nerves. Children, as a rule, become totally 
deaf and show a staggering, uncertain gait which lasts for some 
months. In adults, on the other hand, there is rarely total 
deafness, but in place of this subjective noises and disturbances 
of hearing of varying intensity often remain, which hardly 
ever disappear entirely. Occasionally a decided improvement is 
observed after convalescence, which, however, gradually becomes 
lost again after months or years. Moos reports disturbances in 
hearing in pachymeningitis hsemorrhagica, which are brought 
about by a hasmorrhagic exudation into the labyrinth. 

Disturbances of hearing are much more often observed as the 
sequelae of epidemic cerebro-spinal meningitis, which occurs most 
frequently in children. 

The anatomical changes which give rise to disturbances of 
hearing in this form of disease are: Softening or thickening of 
the ependyma of the fourth ventricle, purulent infiltration and 
degeneration of the acoustic nerve, embedding of the same in 
the meningeal exudate, atrophy of the root of the nerve, and 
purulent inflammation of the membranous labyrinth. The last 
of these conditions is due to the entrance of the purulent meningeal 
^udate by way of the aquaeductus cochleae into the labyrinth, 
ihe direct action of the bacteria (meningococcus, Diplococcus 
pneumomcB Weichselbaum.Bordone-Uffreduzzi) upon the blood- 
vessels of the labyrinth leads to necrosis of the structures of the 
internal ear, and to inflammatory connective tissue and bone 
ormation, with partial obliteration of the labyrinthine cavity. 
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In cerebro-spinal meningitis a vast number of pathological conditions in 
the labyrinth have been found. Heller (Deiiisch. Arch. f. Min. Med., vol. iii.) 
observed in a man forty-two years of ago, who had died of cerebro-spinal 
meningitis, both tympanic cavities and vestibules filled with pus. In a woman 
forty-five years of age, who had also died of purulent cerebro-spinal meningitis, 
the same author found numerous punctate ecchymoses in the lamina spiralis 
M'hich had been infiltrated with pus. The acoustic nerves were also infiltrated 
with pus cells. Lucae (A. f. 0., vol. v.) observed a purulent inflammation of 
the acoustic nerve, saccule, utricle, ampullm, and semicircular canals in a' man 
forty years of age. In a case of cerebro-spinal meningitis which had relapsed, 
and in which complete deafness had already taken place during the first attack, 
Habermann (Zeitschr.J. Heilk., Ami. iii., 1886) found the structures of the internal 
ear completely destroyed and replaced by the groAvth of granulation tissue, a 
pmulent infiltration of the ramus coclilearis and Amstibularis, and a filling up of 
the aquseductus cochlese Avith granulation tissue. ScliAvabach {Zeilschr. f. klin. 
Med., vol. xviii.) found a purulent perineuritis of the acoustic nerve, and a 
hremorrhagic and purulent inflammation associated Avith the formation of 
granulations in the scala tympani of the coclilea, and in the lining membrane 
of the vestibule. Alt found, after the affection had lasted nine days, a 
purulent inflammation of the labyrinth, and a purulent infiltration of the 
ramus coclilese and of the ganglion spirale. From the numerous specimens 
examined post-mortem, Ave knoAV that inflammation of the lab 5 Tinth brought 
about by epidemic cerebro-spinal meningitis terminates in the ncAV formation 
of connecth’^e tissue and bone. Such changes haA'^e been observed by Schultze 
{Virch. Arch., vol. cxix., bk. i.) in a congenital -deaf and dumb child Avlio died 
five years after this affection of the brain; by Moos {Z. f. 0., vol. xii.) in a girl 
who had become deaf and dumb after meningitis; by Larsen and Mygind 
{A.f. 0., vol. XXX.) in a man AA'ho became deaf and dumb from an attack of 
cerebro-spinal meningitis, and Avho died at the age of tAventy-soA’'en_ from 
tuberculosis; and by Scheibe {Z.f. 0., 1895) in a boy aaIio four years previously 
became deaf owing to cerebro-spinal meningitis. Baginsk 3 ^ {Arch.f. Khiderh., 
1900) found sclerosing ostitis of the petrous bone and degeneration 'of the 
auditory nerve in a girl thirteen years of age, aa'Iio tlmee months previously 
became deaf from an affection presenting the s^miptoms of cerebro-spinal 
meningitis. Alt saAv, in a case in Avhich the affection had existed fifty-nme 
days, a ncAV formation of connective tissue and bone nearty filling the entire 
interior of the labyrinth, in addition to slight purulent infiltration; and in 
another case of sixty-one days’ duration a partial neAV formation of connective 
tissue and bone, and a complete destruction of the auditory nerAm apparatus. 
Goerke {Deutsch. Otologent., 1906) found that infection took place by Ava,y of the 
aquffiductus coclilese in three cases, through the aqumductus vestibuli in one 
case, and in eleven cases the infection spread along the auditorj' netyc through 
the internal meatus. In the majority of cases belonging to this category, 
degenerative changes have been observed in the acoustic nerve and in the organ 
of Corti. 

Epidemic cerebro-spinal meningitis develops with the symp- 
toms of an ordinary meningitis — that is, with headache, fever, 
vomiting, loss of consciousness, and occasionally convulsions. 

In the majority of cases, the disturbances of hearing brought 
about by this disease develop, according to Moos and Knapp, 
in the first or second week of the attack, rarely later. The inten- 
sity of the general disease seems to have less influence on the 
development of the deafness than its epidemic character. While 
very seA^ere cases often recover without disturbances of hearing, 
complete deafness frequently develops in the abortive forms of 
this affection. Gottstein observed during an epidemic, complete. 
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deafness in patients who complained of exhaustion, headache', 
and rigidity of the neck for a number of days, and also in those 
who were able to leave their beds even in two to three days after 
the violent symptoms (fever, vomiting, convulsions, loss of con- 
sciousness, contraction of the muscles of the neck) had passed 
away. From information obtained by the author from physicians 
who had the opportunity of observing severe epidemics, it was 
seen that in some epidemics only a few individuals lose their 
power of hearing, while in others, the majority of those who do- 
not succumb to the affection become deaf. 

Deafness, which remains after an epidemic cerebro-spinal 
meningitis, affects both ears in the great majority of cases. When 
the two organs are unequally affected, the one ear, as a rule, be- 
comes totally deaf, while the other loses its hearing power to a 
marked degree. According to Kirchner, even in those cases in 
which there is total deafness for speech and tones, some scraping 
and creaking noises may still be very distinctly perceived. 

The most noticeable symptom accompanying the deafness 
after cerebro-spinal meningitis, is the staggering gait (waddling 
gait of a duck). Moos found disturbances of equilibrium in 
half of the cases observed by him; according to the author’s 
records, they were present in more than two-thirds of the cases. 
The staggering, uncertain gait lasts all the longer the younger 
the individual is at the time of the affection. As a rule, these 
disturbances of equilibrium gradually disappear after several 
months,' but in exceptional cases only after a year, and more 
rapidly in older persons than in children (Alt). Whether these 
disturbances in equilibrium are brought about by a bilateral 
destruction of the vestibular apparatus, as is assumed by Alt, or, 
as Bardny believes, by a simultaneous affection of the cerebellar 
fibres, has not as yet been established. 

Subjective noises are frequently met with in adults, but seem 
to be less troublesome in children, who, on the whole, seldom 
complain of tinnitus. 

In exceptional cases the deafness is associated with unilateral 
or bilateral disturbance of vision or blindness, with disturbances 
of speech, and with paralysis of other nerves. The disturbances 
of vision, just as the disturbances of hearing, may disappear. 

Diagnosis. — The diagnosis is made from the characteristic 
symptom-complex. It is furthermore substantiated by the 
result of the lumbar puncture, which should be performed in the 
earliest stage of the affection (meningococci, Weichselbaum). 

Prognosis. — The prognosis is, on the whole, unfavourable. 
A -complete return to the normal is a rare occurrence: Moos 
correctly remarks, however, that the percentage of cured and 
improved cases is higher in the experience of the general practi- 
tioner who observes' the^ cases during an epidemic, than in the 
experience of the specialist to whom the afflicted individuals are 
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brought some weeks or months after the outbreak of the disease. 
Cases of deafness are but seldom met with in which the power of 
hearing in one ear, rarely in both, undergoes such an improve- 
ment during convalescence or later that speech can be understood 
even at a short distance. According to Moos, the development 
of subjective sensations of sound and the increased perception for 
musical tones during convalescence may be regarded as favour- 
able prognostic signs for the restoration of the hearing. The 
return of the hearing power for speech is not always permanent, 
as the author’s experience has shown that complete deafness 
may return again at a later date. 

Treatment. — The treatment is almost always unsuccessful. 
In those cases of meningitis in which the aural symptoms 
become apparent, cold applications in the form of ice-bags 
should be applied to the region of the ear and mastoid process. If 
the case comes under treatment shortly after the meningitis has 
run its course, the main object is to bring about an absorption of 
the exudate which may possibly not yet have become organized. 
It is, therefore, advisable to give potassium iodide (0-5-2'0 
grammes daily); or ammonium iodide (ammonium iodide 5-0 
grammes, mistura gummosa 100-0 grammes, syrupus corticis 
aurantii 15-0 grammes; 1 tablespoonful three times a day); or 
pilocarpin muriate (4-6 drops of a 2 per cent, solution internally, 
or 2-4 drops injected subcutaneously); furthermore, it is well 
to apply an iodide, iodoform or iodol salve to the mastoid pro- 
cess, and when circumstances permit, the patients are urged to 
spend some weeks at a resort where they can drink the waters 
containing the iodides, and also take the baths. The internal 
and external use of strychnin, nitr. never yields any favourable 
result; the same may be said of electricity, which Moos applies 
only in those cases in which a certain degree of hearing power is 
still preserved. 


Panotitis. 

The author applies this term to a form of disease of the organ 
of hearing in which the middle ear and labyrinth become affected 
by the inflammation either simultaneously or in rapid succession. 

It occurs chiefly in children, either as a primary affection, or 
in the course of scarlatinal diphtheria, and always affects both 
ears, leading, after a strikingly short duration, to total deafness. 

The primary form begins Avith high fever, which is often 
accompanied by eclamptic seizures, with or Avithout loss of 
consciousness. The duration of these attacks varies from a few 
hours to several days. After the return of consciousness, the 
individual is found to be totally deaf, and there is a discharge 
from both ears, Avith perforation of the tympanic membranes. 
In all eases thus far reported the affection was associated with a 
staggering, uncertain gait. 
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This form of disease, just described, may be illustrated by a few cases. 

The first case was that of a boy, Avho at the age of tAVO and a half years, 
according to his father, became deaf during a febrile disease Avhich lasted 
fourteen days ahd was accompanied by eclamptic attacks and a discharge 
from both ears. The otorrhoea is supposed to have lasted until the age of six 

or seven. , . , ■ , m, ' 

His death was caused by an acute peritonitis in his thirteenth year. ±he 
autopsy revealed the folloiving: Both tympanic membranes, as ivell as the 
mucous membrane of the t 3 Tnpanic cavities, were normal, and the malleus and 
incus were movable. The stapes was fixed and immovable on both sides; 
the recess of the round windoiv was indicated by a small depression, the floor _ 
of Avhich was formed by a solid, osseous mass. 

Histological Examination (Fig. 286).— The _ cavity of the coclilea (6) was 
completely filled with newly-formed bony tissue, which had the character 
of a very vascular periosteum. The turns of the cochlea could be distinctly 
discerned throughout their entire extent; the capsule of the cochlea was sharply 
defined from the underlying surface of the petrous bone. The auditory nerve 
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(c) entered the modiolus with its medullated fibres normally arranged, and 
unchanged by fatty degeneration; these fibres, hmvever, could be traced into 
the newly -formed bony mass only for a short distance. 

The A’-estibule [d) ivas narrowed by the hyperplastic process to a narroAv 
angular cleft which Avas lined Avitli round-celled epithelium. The semicircular 
canals (/) AA-ere entirely absent. It Avas only Avith a higher magnifying poAver 
that the corresponding places Avere recognizable, OAA'ing to the peculiar structure 
of the neAA’Iy -formed bone aa^IucIi completely filled the canals. There is no doubt 
that in this case the filling of the labyrinthine cavity Avith ncAv bony tissue Avas 
the result of an inflammatory process. 

In a child six'years of age the affection began Avith liigh fever, followed in 
the coiu’se of scA’-eral hours by an eclamptic seizure Avithout loss of conscious- 
ness. Sudden deafness developed after thirty-six hours. On the tenth 
day after the fever remitted there Avas a discharge from both ears, which ceased 
after fourteen days. Four days later an abscess formed behind the right ear, 
AA'hich Avas opened, and healed after a short time. Five months after the' 
commencement of the affection the examination of the right ear shoAved a 
dry perforation behind the handle of the malleus; in the left ear a cicatrix in 
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the membrane which was found in the same situation as in the right ear, and 
which had become adherent to the inner tympanic wall. The hearing for 
every kind of tone and noise was completely lost. 

In a boy three years old, high fever and headache developed without loss of 
consciousness. MteT two days a slight discharge Avas noticed from both ears 
with an abatement of the fever. The parents noticed at the same time that 
the child had become totally deaf, and that it staggered so markedly in walking 
that it feU after taking a fcAV steps. The objective examination showed per- 
foration of both tympanic membranes, and the tuning-fork tests revealed a 
total deafness. 

There is no doubt that in these cases the middle ear and the 
labyrinth had been affected by the inflammatory process. 
Whether, however, the process arose in both parts of the ear 
simultaneously, or whether it affected the one before the other, 
could not be determined, as the cases were not observed from the 
beginning of the attack. The late appearance of. the discharge 
in the second case — ten days after the commencement of the 
affection — would indicate that the suppuration might possibly 
have originated in the labyrinth, and that it extended to the 
middle ear after perforating the round and oval windows. 

Prognosis. — The prognosis of this form of inflammation is 
unfavourable. 

Treatment. — The treatment of panotitis consists in the internal 
administration of sodium or potassium' iodide, long-continued 
inunctions of iodide and iodoform salves behind the ear, and the 
subcutaneous injections of a 2 per cent, solution of muriate of. 
pilocarpin (2-4 drops for twenty to thirty days) ; all these remedies 
however, are ineffectual in the majority of cases. 

To the diphtheritic form of panotitis one must add those cases 
in which total deafness arises during the course of scarlatinal 
diphtheria. The loss of hearing is brought about either by a 
purulent inflammation of the membranous structures of the 
internal ear, or by the invasion of micrococci into the labyrinth, 
which leads to a disorganization of the terminal filaments of the 
acoustic nerve. 

The prognosis of panotitis diphtheritica is not absolutely 
unfavourable, as has been shovm by the cases observed by Moos, 
0. Wolf, and others, in which the pilocarpin treatment was iised. 
In a few cases the muriate of pilocarpin, first recommended by 
the author for the absorption of labyrinthine exudates, has 
proved to be of some value. The results are on the Avhole un- 
satisfactory, but one should nevertheless try this drug in every case 
in which there is a sudden loss of hearing of labyrinthine origin. 

V. Leuksemic Deafness. 

During the course of leukasmia exudative and haemorrhagic 
processes are found in the ear, as Avell as in other organs of the 
body (liver, kidney, lymph-glands, serous and mucous mem- 
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branes); such changes are generally observed in the labyrinth, 
less often in the middle ear. Disturbances of hearing arising in 
the course of a leuksemia are far less often observed than leukse- 
mic retinitis; Vidal and Isambert, however, have found that 
disturbances of hearing occur in about 10 per cent, of all cases of 
leukffimia. The affection, which usually arises during fhe middle 
years of life, is more often met with in males than in fernales. 
The first ease of leuksemie deafness which had been clinically 
observed and pathologically examined was reported by the 
author at the Otological Congress in Basel in the year 1885 : 

A man thirty-two years of age, who had been afflicted with a severe form 
of splenic, glandular, and myelogenic leukaemia, and who had suffered from 
an otorrhoea in his left ear for a long time while a hoy, suddenly became 
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Fig. 2S7. — Section of the First Tukn of Cochlea from a Deaf 
Man, aged 32, who died of LEUKiEMiA. 

I, Lamina spiralis; b'. Connective tissue and osseous growth in the scala tympani; 
e, Leukaemic plaques in the scala vestibuli; t. Osseous growth on the median wall 
of the scala vestibuli; r'. Atrophic ganglion layer in canalis ganglionaris. 

totolly deaf in both ears overnight about one year before his death. The 
objective examination of his ears two months prior to his death showed: 
Cloudiness and retraction of the right, and almost total destruction of the 
left, membrana tjmipani, causing complete bilateral deafness. The diagnosis 
of leukamiic exudation into the labyrinth was made. The post-mortem exam- 
ination showed in the right ear, besides the characteristic conditions of leuksemia, 
marked retraction of the membrane tympani and great thickening of the mucous 
membrane of the middle ear and of the covering of the ossicular articulations; - 
in the left ear, total absence of the membrana tympani, hammer and incus, 
swelling and tluckening of the mucous membrane of the t 3 Tnpanic cavity. 

The histological^ examination of the internal ear confirmed the clinical 
diagnosis. In sections of the cochlea (Fig. 287) the scala tympani was found 
infiltrated with an irregularly formed, osseous framework {b') which was 
attached to the bony wall of the cochlea, the scalai of which contained newly- 
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formed connective tissue in tlie various stages of development. In the soala 
vestibuli there were, in addition to a large osseous groAvth (t), leuhtemic plaques 
(z) consisting of lymph-cells and resting on the medial wall of the cochlea and 
on the lamina spiralis ( 1 ). The membranous semicircular canals were sur- 
rounded by connective tissue wliich Avas rich in young cells and bloodvessels, 
and which completely filled the space betAveen the membranous and osseous 
semicircular canals. Tlie space AAotliin the membranous semicircular canals 
AA'as filled Avith leuksemic tymph-cells. Similar accumulations of Ij^mph-cells 
Avere found in all parts of the A'estibule of the right ear, and also in the labyrinth 
of the left side, Avhere only traces of ncAv connective tissue AA'ere present. Since' 
the publication of this case, the pathology of leukremic deafness has been 
greatly enriched by a number of interesting conditions found at the posl-morlem 
examination. 

In a case observed by Steinbriigge {Z. f. 0., vol. xau.) of a leukajmic indi- 
vidual, twenty-five years of age, in Avhom deafness suddenly occurred in the 
right ear fourteen days prior to death, the post-morlem examination revealed 
the following ; Old connective-tissue adhesions in the recesses of the windows, 
a marked extravasation of blood in the cochlea, AAdiicli covered the organ of 
Corti, and an abundant exudate in the saccule. In a case (man, thirty-four 
years of age) of leuktemia, Avhich had been carefully observed and minutely 
exarnined histologicalljr by Lannois (Gouguenheim’s AvnaJes des maladies de 
Voreille, etc., 1892), total deafness accompanied by Meniere’s symptoms de- 
veloped eight months before the fatal termination. Tlie liistological examina- 
tion shoAved bloody extraAmsations in the A’'estibule and semicircular canals, 
masses of fibrin in the process of organization, newly-formed connectiA’'e tissue 
in the osseous semicircular canals, and cell infiltration in the scala A'cstibuli 
of the first turn of the cochlea. 

Wagenhauser reported the case of a Avoman, thirt 3 '-fiA’’e jmars of ago, AA'ho 
had suffered from splenic leukasmia. In this case extraA^asations were_ dis- 
covered in the cochlea and vestibule, and neAA'ly-formed connective tissue 
and bony groAvths arising from the periosteum Avere also seen scattered 
here and there in the ampulla3 and semicircular canals (A.f. 0., Ami. xxxiv.). 
There is also another case reported by Weber, H. Parkes, and Lake [Pro- 
ceedings of the Royal Medical and Surgical Society, 1900), in AAdiich there 
were ncAv formations of fibrinous and bony tissue in the scala t 3 mipani and 
in the perilymphatic spaces of the semicircular canals; the patient Avas a man 
affected with splenic medullary leukseraia, avIio was taken ill six months before 
his death AAuth S 3 Tnptoms of Meniere’s disease. Pinlayson [Brit. Med. J ournal, 
1890) reported a case in Avhich there Avere lijemorrhagic deposits in the vestibule 
and cochlea in a Avoman, twenty-five years of age, aaIio had been seized Avith 
Meniere s symptoms, and who became very deaf in both ears. SchAA’abach 
[Z. /. 0., vol. xxxi.) found a leuksemic infiltrate and hremorrhages in the 
lab3rrinth; Alt and Pineles (irie?ier Hin. Wochensclir., 1896) observed leukaBniic 
infiltration of the acoustic nucleus. Gradenigo (A. f. 0., vol. xxiii.) found in a 
man Avith marked leukcBmia and disturbances of hearing in both ears only an 
extensive development of the mucous membrane of the middle ear with paren- 
ch3'matous haemorrhages, but no changes, hoAvever, in the labyrinth. 

The lymphomatous affections of the organ of hearing have been examined 
anatomically and clinically by Alexander [Zeitsclir. f. Olirenlieilh., 1906). 
The anatomical changes observed by Alexander Avere haemorrhages into the 
labyrinth with partial or total compression of the membranous labju’inth, and 
a lymphoid infiltrate in the sheaths of the acoustic nerve and in the neiwe- 
endings in the labyrinth; furthermore, a haemorrhagic and lymphoid infiltra- 
tion of the ganglion, of the proximal portion, and of the root of the acoustic 
nerve, and degenerative changes in the acoustic nerve itself or in its central part, 
and in the region of the cortex of the brain; these were manifest as subpial 
haemorrhages in aU the roots of the cranial nerves, Avhich took their origin from 
a haemorrhage Avhich extended from the angle of the peduncle of the cerebellum 
into the cerebellum itself. In a case of chloroma, Alexander found masses of 
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growths in the labyrinth, and multiple hsemorrhages which caused a decided 
cctasis of tile inferior part of the labyrinth. In a case of acute lymphoid 
leukreiuia Avith a lympho-sarcoma, and in a case of chronie lymphoid leukaemia, 
otosclerotic changes were observed in the labyrinthine capsule, which corre- 
sponded microscopically precisely with bony changes found by the author 
in otosclerosis. The leuksemic haemorrhages generally take place in the semi- 
circular canals and in the ampullae. The chronic cases show the new forma- 
tion of connective tissue with partial obliteration oi the membranous labyrinth, 
e.vtensive degenerative changes in the nerve-endings, and pigmentation. 

In tliirty-one patients afflicted with lymphomata, Alexander found the 
following forms of lymphoid aural affections: (1) Acute exudative middle-ear 
catarrh. (2) Acute and subacute tubal catarrh, with the eventual develop- 
ment of lymphoid tumours in the tube (in cases of lympho-sarcoma or 
chloroma). (3) Acute hremorrhagic (purulent) middle-ear inflammation. 
(4) Acute hsemorrhagic mastoiditis. (5) Acute haamorrhagic panotitis 
(Politzer). (6) Acute labyrinthitis. (7) Acute neuritis acustica leukremica. 
(8) Haemorrhages into the meatus. (9) Haemorrhages into the middle ear. 
(10) Haemorrhages into the labyrinth. 

Leuktemic affection of the labyrinth either begins suddenly 
with total deafness, dizziness, and marked Meniere’s symptoms, 
or it appears with moderate loss of hearing, which rapidly gets 
worse and leads to total deafness within a few weeks or months. 
Schwabach states that, in the acute forms of leukeemia the dis- 
turbances of hearing arise in the initial stage of the affection, 
while in the chronic cases, they appear in the later stage. When 
the hearing improves, or becomes normal during the course of a 
leukaamio affection of the ear, it may be assumed that we have 
to do either with a catarrhal disease of the middle ear, or with 
only slight changes in the labyrinth. In the severer forms, in 
consequence of a leuksemic exudation (accumulations of lympho- 
cytes and hasmorrhages) into the labyrinth, there is a reactive in- 
flammation of the endosteum and membranous labyrinth, which 
leads to connective-tissue obliteration and partial ossification 
of the labyrinth. The prognosis of a true leuksemic deafness is 
unfavourable. 


VI, Syphilis of the Internal Ear. 

Syphilis of the labyrinth seldom develops simultaneously 
with the secondary lesions of the skin or throat. The author 
once observed this on the seventh day after the primary lesion. 
It more often appears as a later form of syphilis, generally at the 
end of the secondary or at the beginning of the tertiary stage, or 
it becornes evident only after one to two years, or even later, 
either with a new outbreak of syphilitic symptoms (in one of the 
author s eases with a gumma on the head twenty-one years later), 
or without the least trace of a general syphilitic infection, Laby- 
nnthine syphilis may occur as the only symptom of a general 
infection which has not yet entirely disappeared, and may either 
be localized in the internal ear, or may appear simultaneously 
with a catarrhal or purulent middle-ear inflammation. In like 
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manner syphilitic affection of the labyrinth may arise in the 
course of a middle-ear disorder which has existed before infection 
has taken place. It has been stated that the frequency of syphilis 
of the labyrinth varies from 7-48 per cent. (Schwabach, Kretsch- 
mann, Wiese). 

The anatomical changes in syphilis of the labjrrintli are but little know. 
Whether, in the recent cases, there is a plastic exudation into the labyrinth 
similar to that found in S 3 ^hilitic iritis has not been proved. There is also 
little known of the inveterate forms. Toynbee found thickening of the 
periosteum of the vestibule in one case. Moos {Virch. Arch., vol. lx., p. 313) 
reported the case of a sj'philitic individual, thirty-seven years of age, in 
whom marked subjective noises, attacks of dizziness, and headache suddenly 
appeared, which were later followed by disturbances of hearing. At the 
.autopsy he found: Thickening of the periosteum of the vestibule, the foot of 
the stapes raised and immovable, the connective tis.suc between the mem- 
branous and bony labyrrinth infiltrated with small cells and hy'perplastic, 
Corti’s organ and semicircular canals infiltrated with cells, and the acoustic 
nerTO normal. Moos and Steinbriigge (Z. f. 0., vol. xiv.) found in a deaf 
individual who had tertiary syphilis, enlargement of the osseous spaces in the 
temporal bone and in the labyrinthine capsule, wliich were infiltrated with 
small cells, extravasations of blood between the fibres of the acoustic nerve 
and in the cochlea, and degeneration of the ganglionic ]a 3 'er in Rosenthal’s 
canal, as has already been .shovm by the author. Downie {Z./. 0., vol. xxx.) 
observed a boy with hereditary syphilis who became deaf with sj'mptoms of 
pain and buzzing in the ear, and who died shortlj^ after with symptoms of 
bulbar paralysis. The middle ear was normal, the stapes had undergone 
bony anlijdosis, and. the internal auditory canal was greatly constricted; the 
vestibule and semicircular canals were filled with newly-formed bony tissue, 
and the coclilea was narrowed by thickening of the modiolus and lamina 
spiralis. Manasse (Vers, deutscher. Nahirf. w. Aerzle, 1899) found in a .sj^hilitic 
patient who presented the picture of deafness of a nervous nature small, 
rnultiple, round-cell infiltration in the com'se of the acoustic nerve, and at its 
place of entrance into the cochlea, which he considered as a specific infiltration; 
in a second case (Zeitschr, fur Olirenlieilk., vol. xxxix.), he found new forma- 
tion of connective tissue in the scala tympani and vestibuli, as well as in the 
perilyiiyihatic spaces of the vestibular apparatus of both labyrinths. Furtlier- 
rnore, there was an abundant infiltrate, Avhich partly resembled lymphomatous 
tissue, in both acoustic nerves. 

^ The author observed a man, fifty years old, who had been deaf ten j^ears 
in consequence of a sj^philitic infection, and who died of phthisis. The 
histological examination showed that the ganglion spirale had undergone the 
greatest change. In this canal there were partly small, round, granular cells 
without a distinct nucleus, and partly oval, angular bodies, in only’’ a' few of 
■which the nucleus could be recognized (atrophy’’ and destruction of the gan- 
glioruc cells in the spiral ganglion). On the spiral membrane, in the vestibule, 
and in the semicircular canals, no changes were visible. Moos and Steinbriigge 
found atrophy and degeneration of the ganglionic cells in Rosenthal’s canal, 
and in addition atrophy of the acoustic fibres lying between the layers of the 
pssea, especially in the region of the first turn of the cochlea. 

The syphilitic diseases of the auditory nerve are usually assoeiated with 
aff^tions of the labyrinth, yet they may appear alone, and then become 
evident as a neuritis, or, in other words, a perineuritis gummosa, less often, 
however, as a basilar gummatous meningitis (Rosenstein, Arcli.f. Ohrenheilh., 
vol. Ixv.); there is seldom a pressure atrophy of the acoustic nerve, owing to 
a periostitic deposit on the inner table of the internal auditoiy canal (Zeissl, 
Ko^xtutiondle Syphilis, Erlangen, 1864). 

The changes in the bloodvessels in syphilis, as descibed by Heubner, have 
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been seen, in only one case recorded by Baratoux and Kirclmer. They 
found a typical syphilitic endarteritis in the bloodvessels of the rnucous mem- 
brane of the tympanic cavity, periosteal lenticular accumulations of bone 
on the promontory, and the formation of cavities in the wall of the labyrinth 
(identical with the conditions found in otosclerosis, as described by the author). 
No anatomical changes have yet been observed in the nuclei of the auditory 
nerves. 

Symptoms. — Syphilis of'' the labyrinth (cochlitis, Boosa) 
usually appears suddenly with subjective noises, dizziness, dis- 
turbances of equilibrium, and marked deafness. The impair- 
ment in hearing is less often of a progressive character in this 
affection than in otosclerosis. The subjective noises, which are 
generally very intense, continue uninterruptedly even after 
deafness has become complete, while the dizziness and disturb- 
ances of co-ordination may disappear within a few months. 
Boosa has observed diplacusis in syphilitic affections of the 
labyrinth, while Moos and Steinbriigge (C. /. 0., vol. xiv.) have 
noticed sensations of pain in the ear, which could be traced to a 
periosteal growth in the labyrinth. 

Barany (Jahrh. f. PsycMalrie, 1907) observed in a sypliilitic person -with 
normal bearing tliat there was a nystagmus towards the healthy side, and that 
the vestibular apparatus did not respond to caloric in’itation, or when the body 
was rotated on its long axis. He attributed these symptoms to an isolated 
luetic affection of the vestibular apparatus. 

'T 

The objective examination shows either a normal condition 
of the membrane, or changes which have been brought about 
by an existing or by an exhausted middle-ear affection. In two 
instances the author found peculiar, sharply- defined, white 
patches on the membrana tympani. The Eustachian tube is 
permeable, swollen — if there be a co-existent naso-pharyngeal 
affection and middle-ear catarrh — constricted, or, in syphilitic 
ozfena, occluded by crusts. The author has repeatedly found the 
lymph-glands in the region of the mastoid process intensely 
swollen.* i 

The disturbances of hearing are marked in the majority of 
cases. The affection is seldom unilateral; when it is bilateral, 
the one ear is generally more affected than the other. The 
hearing distance for the watch and acoumeter is greatly reduced 
even in mild cases; in severe cases it is nil. Inflations of air 
have a very slight influence upon the hearing distance. The 
perception for the watch and acoumeter through the cranial 
bones is entirely lost. In unilateral affections the tone of the 
tuning-fork is always lateralized towards the normal or better- 
hearing ear, while in bilateral total deafness the perception for the 
tone of the tuning-fork is entirely wanting. In cases in which the 
disturbance of hearing is of a high degree, Binne’s test is generally 

n /• ''■’ol. ix., p. 303; same author. Syphilis of the 

Cochlea {Medical Record, vol. xlvii.). ^ Jt' j 
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positive; in total deafness it sometimes seems negative, as the 
patients mistake the sensation of vibration for the sensation of 
sound. In the majority of cases high tones are not as well per- 
ceived as low ones. 

Course and Terminations. — The course of syphilis of the 
labyrinth is characterized by the rapid development of disturb- 
ances of hearing. The author has seen cases in which the deafness 
was almost complete on the third day. It is more often noticed, 
however, that the hardness of hearing develops gradually, and 
that it remains stationary for some time, until, after weeks or 
months, a sudden change for the worse takes place. Decided 
variations in the hearing distance are rarely met with. The 
author has found that even slight concussions of the head are 
sufficient to bring about a marked change for the worse. Where 
an improvement or recovery is obtained, it is found that this 
rarely takes place suddenly, but gradually. As the improve- 
ment progresses, the perception through the cranial bones also 
returns. 

Diagnosis. — The diagnosis of syphilis of the labyrinth may 
be made with certainty if symptoms of secondary syphilis are 
found in other parts of the body, as' on the skin and mucous mem- 
branes, or in the eye; if there is a history of a former general 
syphilitic infection; and if the disturbances of hearing develop 
rapidly with the symptoms previously mentioned. The suspicion 
of syphilis of the labyrinth is aroused if we find, especially in a 
young person, a-rapid increase in the deafness with absence of the 
objective symptoms of a middle-ear affection. In those cases in 
which there is a present or past syphilis and the middle ear be- 
comes affected, it may be concluded with great probability that 
there is a co-existing syphilitic affection of the labyrinth, from 
the rapid manner in which the disturbance of hearing develops, 
and from the absence of perception, or from a greatly shortened 
perception for the tone of the tuning-fork through the bones of the 
head. The diagnosis is more difficult if disturbances of hearing 
develop gradually, and not until some years after the general 
syphilis has run its course. This is explained by the fact that in 
such cases the development of an otosclerosis, independent of a 
past syphilis, cannot be excluded. As children give contradic- 
tory answers while testing their hearing, thereby rendering such 
tests of little value, a more positive diagnosis can be made only 
from the objective symptoms. In all cases of sudden deafness in 
which the tuning-fork tests show a labyrinthine lesion — that is, a 
nerve deafness — and in which there may or may not be a history 
of a previous syphilitic infection, a 'WasSermann test must be 
taken. When positive, it allows us to assure that the aural lesion 
is of a luetic nature, and should be followed up by a vigorous 
antisyphilitic treatment. 

Those forms of severe hardness of hearing or total deafness 
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wliicli usuS'lly dovslop in both oars during childhood must bo 
regarded as syphilitic affections of the labyrinth of a hereditary 
character. Such cases were formerly supposed to be due to 
scrofula. According to Hutchinson and Jackson, the ears are 
affected in 10 per cent, of all children who hawe hereditary 
syphilis, and according to Hermet and Baratoux, in one-third of 
all cases. The last-named author found in new-born children 
with congenital syphilis a purulent inflammation of the middle 
ear, thickening of the membrana tympani, adhesion of the same 
to the promontory, hypersemia, haemorrhages and accumulations 
of pus in the labyrinth, and destruction of the organ of Corti. 
The anatomical changes which take place in the later stage are not 
known. The hereditary form of syphilis of the labyrinth is often 
associated with adhesive processes of the middle ear, and with 
marked opacity of the cornea arising from chronic interstitial 
keratitis, the syphilitic nature of which has been frequently 
demonstrated. According to Hutchinson,* the disease is also 
characterized by the simultaneous characteristic changes in the 
teeth (Hutchinson’s Triad). Hereditary syphilis of the labyrinth 
is more often met with in females than in males. According to 
Hinton, disturbances in hearing often arise only at the time of 
puberty (syphilis hereditaria tarda). 

Prognosis. — The prognosis of syphilis of the labyrinth is 
unfavourable; generally, however, the outlook is more favour- 
able in the recent than in the old forms. The degree of dis- 
turbance of hearing does not always allow us to give a prog- 
nosis as to the ultimate outcome, as at times recovery may ensue 
in spite of the fact that the patient is totally deaf, while at other 
times the milder forms remain incurable, notwithstanding an 
energetic antisyphilitic treatment, and may even become worse 
in the course of time. Circumstances which render the prognosis 
unfavourable are: Advanced age, anaemia, marasmus, a severe, 
incurable, general syphilis, simultaneous adhesive processes in 
the middle ear, and strictures of the Eustachian tube. The 
hereditary forms associated with opacity of the cornea, as men- 
tioned above, are also incurable. The author’s experience has 
shown that the improvement in hearing may again disappear 
entirely, arid that when this is the case the hearing is lost for ever. 
Since the introduction of salvarsan, the prognosis of acquired 
syphilis of the labyrinth is more favourable, as the hearing is 
regained in the majority of cases after an energetic antisyphilitic 
treatment. Even in cases in which the hearing becomes worse,, 
or IS completely lost, after the injection of salvarsan one can still 
give a favourable prognosis, because the hearing generally 


Arch, of Surgery, 1897; &euzer, Zur Hutchinson'' schen Trias (Diss. 
naepir., Miinclien, 1897); Sclnvabach, Veher ererhte syphilit. Ohrlciden. 

/’nSfiR/wf Broekaert, Syphilis dc 

i orcille [Bidlct. dc la socieie Beige d otolog., etc., 1897). 
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returns or becomes normal again after another course of treat- 
ment with this drug. 

Treatment. — The treatment of syphilis of the labyrinth is 
the same as that of the general infection. When the diagnosis of 
syphilis has been confirmed by the result of the Wassermann test, 
we must"" begin treatment with the intravenous injections of 
salvarsan. This sometimes causes a marked diminution or even a 
complete loss of the hearing, which, however, is regained, in the 
majority of cases, after one or more injections of salvarsan. This 
disturbance in the hearing is supposed to be due to a neuritis 
of the auditory nerve which is brought about by the awakening or 
stimulation of the spirochffitte, Avhich lie dormant in the internal 
auditory canal. When the salvarsan is given again the spiro- 
chastfB are destroyed, the inflammatory condition of the nerve 
gradually subsides, and the hearing returns to its former state. 
In addition to the salvarsan treatment, one should also resort 
to the use of mercury and the iodides. The mercury may 
be given hypodermically or in the form of inunctions. The 
concentrated solutions of sodium or potassium iodide may 
be given in increasing doses, beginning with 10 to 100 
minims three times a day. The author has obtained favourable 
results in recent forms of labyrinthine syphilis by the sub- 
cutaneous injections of a 2 per cent, solution of the muriate of 
pilocarpin in increasing doses from 4 to 10 minims every second 
or third day. 

In addition to the general treatment, injections of a potassuim 
iodide solution through the catheter into the tympanic cavity, 
and inunctions of an iodoform, iodol, iothion, or mercurial oint- 
ment behind the ear may be used. If the disease has not caused 
too many destructive changes in the labyrinth and in the nerve- 
endings in the cochlea, the hearing will shortly return to its 
former stage by this method of treatment. In a number of cases, 
however, the lost function remains in spite of the most energetic 
antisyphilitic treatment. 

Up to the present time we possess only a few observations as to the changes 
in the labyrinth in' rickets. Moos and Steinhriigge {Zeit. f. Ohrenlieilh., 
yol. xi.) found at the necropsy of a dumb idiot who had been deaf from the 
time of his birth, and Avho had general hyperostosis of the cranium, the 
following changes, which, according to the view of Virchow, were of a rachitic 
nature: Hyperostoses on the inner tympanic wall, gi’eat contraction of the 
internal auditory canal, ossification of the ligamentum annulare, and a mass 
of tissue consisting of cartilage cells and fibrous plugs, with a small calcareous 
deposit in the capsule of the right cochlea near the recessus hemisphsericus. 
At the same time, the congenital anomaly of an incomplete ossification of the 
Uallopian canal was found on both sides. In the left ear the foot-plate of the _ 
stapes was wanting, and was replaced by a bony mass which extended into the 
osseous substance of the labyrinthine capsule. In the right ear, instead of the 
crura of the stapes, slipper-shaped bands were se'en, which were ossified only at 
their external peripheiy, and between which a connective and adipose tissue 
rich in cells was deposited. 
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In Professor Wagner v. Jauregg’s* exhaustive and instructive work on 
cretinism, reference is also made to the disturbances of hearing arising in 
endemic and sporadic cretinism. Wagner expresses the opinion that all true 
symptoms of cretinism (imbecility, disturbances in development, speech and 
hearing) may be explained by some disorder — ^that is, lack of function of the 
thyroid gland, with its subsequent infantile myxoedema. Wagner also informs 
us that disturbances of hearing often occur in the myxoedema of adults. He 
supports his statement by the report of the Myxoedema Committee of the 
London Clinical Society, which found among 109 adults affected with myx- 
oedema a disturbance of hearing in half of the cases. Its connection with 
myxoedema was proved by the fact that the deafness, and the other symptoms 
of myxoedema, were cured by the thyroid treatment. 

According to the investigations carried out by Alexander in cretins at 
Wagner’s clinic, a large percentage of cretins are hard of hearing. In addition 
to acute and chronic middle-ear catarrhs owing to an enlargement of the 
pharyngeal tissue, affections of the sound-perceiving apparatus were also 
found. In the organs of hearing of four cretins, to which must also be added 
a deaf-mute, Alexander found the following changes: Atrophy of Corti’s organ, 
pathological bony areas in the capsule of the cochlea, changes in the tractus 
spiralis foraminulentus, analogous to those found by the author in otosclerosis, 
and finally, in tliree cases, the fatty tissue in the niche of the round window 
first described by the author in chronic middle-ear inflammations and in deaf- 
mutism. 

According to Habermann {Deutsch. Olologentag, 1904) the disturbances 
in hearing in cretinism are due to a faulty development of the organ of Corti, 
or to changes in the brain. 

Bloch (Freiburg) {Deutsch. Olologentag, 1904) is inclined to believe that 
there is a (cretinistic) hardness of hearing owing to a faulty development of the 
thyroid gland, which is brought about by a sort of toxic neuritis, and which 
attaclcs the _ auditory nerve, just as the other cranial and spinal nerves. 
Siebenmann {Archiv f. Ohrenheilk., vol. Ixx.) found no changes in the laby- 
rinth in a case of total aplasia of the thyroid gland; still, this one single case, 
in which the hiring was not examined during the life of the patient, does not 
disprove the clinical observations of Bloch. 


VII. Diseases 'of the Acoustic Nerve. 

Anatomical Changes in the Acoustic Nerve. 

Hypermmia of the neurilemma of the auditory nerve is often found in 
conjunction with congestion of the meninges, particularly in meningitis, 
encephalitis, in aneurism of the basilar artery, and especially in stasis of the 
vessels of the brain. 

Ecchjmioses in the root of the nerve have been observed in association 
with fractures of the petrous bone, in scurvy, in fatty degeneration of Corti’s 
organ, in leukiemia, in degenerative atrophy of the auditory nerve, and in 
syphilis of the ear. J > 

Purulent inflammation and infiltration of the acoustic nerve have been 
seen in purulent basilar meningitis, in epidemic cerebro-spinal meningitis, in 
diphtheria, in suppuration spreading from caries and necrosis of the petrous 
bone (see p, 556), and after fracture of this bone. Sclerosis of the ramus 
cochlearis as a- result of an exhausted neuritis is reported by Siebenmann 
{Zeitsch. f. Ohrenheilk., vol. xliii.) in a woman, fifty-one years of age, who . 
had been deaf twenty 3’^ears. A marked sclerosis of the auditory nerve, with 
the deposit of a great number of hyaline globules, was found by Bruhl {Zeitsch. 
f. Ohrenheilk., vol. 1.) in a case of otosclerosis. 

Ueher cndcmischen und sporadischen Cretinismus mid dessen Behand- 
lung (TFjciier klin. Wochenschr., 1900, Ko. 19). 
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Hypertropliy of the root of the auditory nerve, brought about by infiltra- 
tion and groAvth of its neurilemma, is of rare occurrenee. The author found 
it in cases of extensive caries of the petrous bone in association with nodular 
thickenings of the facial nerve. 

Eheumatic paralysis must 'be added to the affections of the 
acoustic nerve, which, if judged from its clinical cause, is most 
likely brought about by a neuritis. The observations in reference 
to this affection are few and rather unreliable. Hammerschlag 
{Arcliiv f. Ohrenheilk., vol. vii.) called attention to this rare 
affection. 

In making a diagnosis we must chiefly consider the etio- 
logical factors — that is, the primary cause of the rheumatism, 
the course, and the complication with rheumatic paralyses of 
other cranial nerves, and with rheumatic affections of other 
parts of the body. The auditory nerve apparatus may become 
affected alone, as is shown by a case reported by Bing {Wiener 
7ned. Wochenschrift, 1880), or in conjunction with the facial 
nerve. Eheumatic paralysis of the acoustic nerve is less often 
associated with a paresis or with an anaesthesia of the parts of the 
skin and mucous membrane supplied by the trigeminus, or with 
herpes zoster.* 

The symptoms of rheumatic paralysis of the auditory nerve 
vary according to whether the cochlear portion of the nerve is 
affected alone, or whether the vestibular portion is also involved 
in the process. In the latter case we notice severe dizziness, the 
inability to walk straight or to stand with closed eyes, and at 
times a complete incapacity to rise in bed, which is associated 
with nausea and vomiting. That the cochlear portion is involved 
is apparent by a disturbance of hearing of a varying degree, and 
by the results of the tuning-fork tests, which are characteristic 
of a primary, uncomplicated affection of the labyrinth {v 2 de 
p. 152). The course of this disease is such that the vestibular 
symptoms disappear first, while the disturbance of hearing 
returns to its normal condition only at a later stage. In a number 
of cases, a permanent disturbance of hearing remains. The 
pathology of this form of disease is yet unknown; Hammerschlag 
believes that it is analogous with a similar affection of the facial 
nerve, and that it may possibly be due to a neuritis of the terminal 
filaments of the acoustic nerve in the labyrinth. The treatment 
consists in the application of the galvanic current over the 
mastoid regions, whereupon it is noticed that there is generally an 
increased irritability of the acoustic nerve. In addition to the 

* Cp. the observation of the combination of herpes zoster with facial 
paratysis as first obseiwed by the author on p. 217. (D. Kaufmann, Zeitsch. /. 

Ohrenheilk., 1897; Hammerschlag, Archiv fur Ohrenheilk., vol. xlv.; Korner, 
Munch, med. Wochenschr.. 1904; Sarai, Zeitscli. f. Ohrenheilk., 1904; Lannois, 
Congres de Bordeaux, 1904; Gradenigo, Ann. d. mal. d. Torielle, 1908, v. 
Frankl-Hochwart, loc. cit.) 
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use of tile galvanic applications, one should prescribe the usual 
anti-rheumatic treatment. In the majority of cases a return to 
the normal usually ensues -within a short tme even -when no 
treatment' has been given, so that, as a rule, the prognosis is 
favourable. 

In a case of Bing, a woman forty-seven years of age was exposed to a drauglit ; 
this was followed by complete deafness, accompanied by subjective sensations 
of sound in the right ear, and by a marked impairment in hiring, with a 
normal condition of the membrana tympam in the left ear. In performing 
"Weber’s test the tone*of the tuning-fork was perceived only in the left ear, 
and inflations of air remained without any effect upon the hearing distanee. 
Recovery took place in eight days from the internal administration of potas- 
sium iodide and the application of vesicants to the mastoid process. In a man, 
sixty-one years of age, who had suffered from articular and muscular rheuma- 
tisin, marked tinnitus and a high degree of deafness suddenly appeared in the 
right ear without any attacks of dizziness. An examination made after the 
disturbance of hearing had lasted four weeks revealed nothing wrong in the 
membrana tympani or' the Eustachian tube, a greatly diminished acuteness 
of perception for the acoumeter and for speech, a reduced perception for the 
acoumeter through the cranial bones, a loss of perception for the tone of the 
tuning-fork in the affected ear through the bones of the head, and a positive 
Rinne. 

Moos reported the case (A. /. A. u. 0., vol. i.) of a girl, nineteen years of 
ago, who was taken ill with articular rheumatism, which ran its course with 
severe nervous and cerebral symptoms. In the seventh week of the affec- 
tion there was a hypersesthesia of the ear, which was soon followed by total 
deafness, and tormenting subjective noises, which soon disappeared without 
an improvement in the hearing. Examination with the speculum did not 
reveal anything abnormal. By applying the galvanic current the hearing 
gradually returned to its normal state. 

Hang and Morpurgo report similar cases. Combinations of rheumatic 
affections of the auditory nerve with facial paralysis have been described by 
Rosenbach [Gmiralhl. f. Nervenheilk., 1887) and v. Frankl-Hochwart (Der 
Menihre'sche Symptomencomplex, Wien, 1897). 

According to Ogston, the paroxysms of deafness and subjective sensations 
of sound which arise during the course of gout and chronic rheumatism may 
be compared to the attacks of glaucoma met with in arthritic patients. 

The disturbances of hearing, which are usually unilateral, and which are 
not infrequently observed during influenza (p. 455), may also be considered 
as a neuritis of the acoustic nerve. In these cases the objective examination 
of the external and middle ear shows nothing abnormal, but the tuning-fork 
tests (lateralization from the vertex towards the normal ear, positive Rinne 
lost or shortened perception through the cranial bones, perception for the deep 
tones through air conduction) demonstrate a paralysis of the sound-perceivinb 
apparatus. The occurrence of this form of acoustic paralysis is confirmed bv 
Gradenip, Barnick {A. f. 0., vol. xxviii.), and Lannois {Rev. heU. de 
Larmjgol., etc., 1890). Complete recovery seldom took place in the cases 
obse;rvcd by the author. 

A case of isolated rheumatic affection of the vestibular nerve has been 
reported by Ruttm {Sitzung d. dsl. olal. Ges., January, 1908) There was 
a marked spontaneous nystagmus towards the healthy side; the caloric 
^ction (Barany) was absent. Recoveiy took place at the end of three weeks 
The hearing was not impaired during the entire course of the disease. 

Clinical observations and anatomical investigations of neuritic 
aliections of the auditory nerve have been published hy Snorleder 
\\ ittmaack, Manasse, Briihl, Frankl-Hochwart, and others. The 
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various infectious diseases which are regarded as the etiological 
factors in producing a neuritis of the acoustic nerve are: Tuber- 
culosis, typhoid fever, scarlet fever, syphilis, rheumatism, and 
influenza. The hardness of hearing or deafness which arises 
after the use of quinine and salicylic acid, and is associated with 
subjective noises, is due to a toxic neuritis of the acoustic nerve 
in which its ganglion cells are mainly involved. 

Wittmaack {Zeiischr. f. Ohrenheilh., vol. liii.) reported two 
cases of acute isolated neuritis of the cochlear nerve in scarlet 
fever. Sporleder (Sitzungsher. d. deutsch. otol. Gksellscli., 1900) 
reports the case of a woman who had become deaf after an attack 
of typhoid fever, and in whom the auditory nerve had undergone 
connective-tissue degeneration as a result of a neuritis. Neuritis 
leads, in many cases, to a secondary degeneration and atrophy 
of the nerve elements. A primary atrophy of the auditory nerve 
can develop without a previous inflammation. It also develops 
as the result of a contraction of the basilar and internal auditory 
artery and in aneurisms of the former bloodvessel; it is also seen 
as the result of an apoplectic and encephalitic process in the 
floor of the fourth ventricle and in the region of the nucleus and 
roots of the acoustic nerve, and in hydrocephalus and in oto- 
sclerosis. 

Sporleder {loc. cit.) found degeneration of the auditory nerve, 
with marked atrophy of the cochlear nerve, in severe cases of 
marasmus, while Briihl observed a parenchymatous degeneration 
of the acoustic nerve in old persons. Manasse {Verli. deuiscli. 
Naturf. u. Arzte, 1899) saw in a phthisical patient who became 
gradually deaf, and in whom the labyrinth was normal, a degen- 
eration of the acoustic root, which was visible as a disseminated 
patch consisting of fine fibrous masses. Meyer of Gottesberge 
{Monat.f. Olirenlieilh., 1903) saw a case of neuritis of the acoustic 
nerve, which began with symptoms of a polyneuritis, and which 
was associated with a simultaneous neuritis of the trigeminus, 
occipital, median, ulnar, and ]3eroneal nerves.' 

Atropliy of the root of the auditory nerve has also been shorni to he due 
to peripheral changes in its terminal filaments in the labyrinth. 0. Weber 
(Pitha It. Billroth, i.) found fatty degeneration of the roots and nucleus of 
the acoustic neive after destruction of the labyrinth. Secondary changes in the 
nerve are also met with in purulent inflammations of the labyrinth (see p. 556), 
and in those cases in which a caseous exudate is deposited in the labyrinthine 
cavity. In a case of typical otosclerosis examined by the author, in which the 
post-mortem examination revealed ankylosis of the stapes and partial ossifica- 
tion of the cochlea, the fibres of the acoustic nerve were atrophied to a marked 
degree. In a case reported by Schwartze, in which the stapes was ankylosed in 
both ears, the auditory nerve was atrophied only on one side. Panse described 
a parenchymatous neuritis, with secondary degeneration of the spiral ganglion 
and organ of Corti,' and slight changes in the papilla basilaris in the upper 
turn of the cochlea. 

The question whether deafness of long standing may lead to atrophy of the 
auditoiy nerve from inactivity cannot be positively determined, as it not infre- 
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The following case is of interest; 



Fig. 288. 


The patient was a hoy nine j''ears of age, who became totally deaf in his 
fourth year during an acute illness which lasted eight days, and which was 
accompanied by unconsciousness; death resulted from an acute encephalitis. 
The autopsj' showed: right middle ear, normal; left, an extensive destruction 
of membraua tympani as the result of a middle-ear suppuration which had 
run its course. In microscopic sections one could see in the first turn of the 
cochlea, at the place of transition from the first to the second turn, and in 
Roseiithal s canal (Fig. 288, a), a small number of round and angular bodies 
(o), which upon minute examination proved to be the remains (nuclei) of the 
ganglionic layer, the cells of which had disappeared to a greater part, ivhile a 
small portion remained as shrivelled, granular bodies. The cavity of Rosen- 
thal s canal was filled with a delicate network, in which only a few nerve elements 

Ro^entM^'caPn entering the lamina spiralis ossea from 

Rosenthal s canal had disappeared entirely, and the place where Corti’s cells 

^ ^ marked by a layer of epithelium which was somewhat raised. 

Ihe stna acustica! were imperfectly developed, but no anomalies were found 
111 sections of the acoustic nuclei and roots 
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Hatermann saw atrophy of the auditory nerve-endings in the canalis 
ganglionaris and in the lamina spiralis, and degeneration of Corti’s organ in 
the uppermost turn of the cochlea, in consequence of a depression of the skull 
acquired eight years before death. Bezold and Scheibe {Z. f. 0., vol. xxii.) 
obsen'^ed marked degeneration of the nerve-fibres and of the ganglionic cells 
in a man sixty-one years of age, who had been very deaf, and whose loss of 
hearing progressively increased. 

We will mention here briefly the most recent findings as to progressive 
nenmus deafness. Several years ago the author* called attention to a 
nerve deafness which runs its course ■without symptoms, and which 
appears in young and old individuals. This form of deafness is characterized 
tlirough its progressive course, and through its lack of labyrinthine and cochlear 
symptoms of irritation. From the results of the functional examinations, which 
are indicative of a labyrinthine deafness, the author expressed the opinion that 
there must he in these cases, a primary atrophy of the auditory nerve. 

The first thorough anatomical examination of labyrinthine progressive 
deafness was made by Alexander {Arcliiv f. Ohrenlieilk., vol. Ivi.), who found 
atrophy of the cochlear nerves and of Corti’s organ. We are indebted to 
Manasse {Dentscli. Olologentag, 1905, and Monograph. Wiesbaden, 1906) for 
a complete compilation of this form of disease, and for his thorough description 
of this affection, based on a large clinical and anatomical material. According 
to his investigations, chronic, progressive labyrinthine deafness seems to be of 
frequent occurrence. He found that the anatomical causes of this affection 
were: atrophy (that is, degeneration) of the nerve elements, and new formation 
of connective tissue in the ductus cochlearis, in the spiral ganglion, in the 
delicate branches of the auditory nerve in the cochlea, and in the root of the 
nerve itself. The affection begins in the auditory nerve-root, from which it 
extends towards the periphery to the organ of Corti {Atrophy of the Sense Cells, 
Alexander). Contrary to Manasse, Wittmaack found that the affection was 
confined only to the root of the cochlear nerve, while the coclilea itself was 
not involved in the process. 

The cases seem to be of less frequent occurrence in which the changes take 
their origin from the ductus cochlearis, or remain confined to it entirely. A 
case of this nature was reported by Alexander {Archiv /. Ohrenheilk., 1907). 
The terminal filaments of the nerve in the saccule and utricle and in the 
semicircular canals, in addition to the small nerve-branches, may remain 
unaltered. In the minority of cases they also undergo a degenerative atrophy, 
which is associated with a complete destruction of the labyrinthine epithelium 
and with a marked atrophy of the nerve-roots. 

Manasse observed that chronic progressive labjwinthine deafness occurred 
mostly in old individuals of the male sex, and generally on both sides. _Hc 
thinks it is due to arterio-sclerosis, tuberculosis, syphilis, chronic nephritis, 
and also to middle-ear inflammations. Seligmaim [Monat. f. Ohrenheilk., 
vol. lx.) thinks progressive nerve deafness is due to an exhaustion of the 
general nervous system. Manasse, as well as the author, calls attention to the 
typical symptoms of the labyrinthine deafness with the absence of disturbances 
of equilibrium. 

The prognosis of tliis affection is unfavourable. It develops now and then 
to a certain degree of deafness, where it remains stationary, but leads, how- 
ever, in many other cases to complete loss of hearing. 

Colloid degeneration of the auditory nenm was found by Moos at the 
autopsy of an insane individual, who had total deafness on the right side, 
marked impairment of hearing on the left, hallucinations of sound, and, in 
addition, a simultaneous ankylosis of the ossicles, and bony closure of the 
round window. The occurrence of amyloid bodies in the auditory nerve 
are significant of a degenerative process only when these bodies are present in 

* Text-Book of Diseases of the Ear, fourth edition, 1901, p. 784, English 
edition. 
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very large masses, as ^Iiey are also found in the nerve in varying quantities 

under normal eonditions. j n„ 

In the course of the cochlear nerve, at a short distance from the medulla 
oblongata, and often in the internal auditory canal, there is found a gliomatous 
septum which is either in the form of a cupola or very jagged, and which 
separates the peripheral from the central part of the auditory nerve (Hulles). 
Obersteiner and Alexander {Zeitsch. f. Ohrenlieilk, vol. Iv.) have shoivn tlmt 
corpora amylacea (the origin of which has recently been demonstrated by 
Eedlich and Obersteiner to spring from the nerve tissue) are present in this 
septum, whichincrease in the course of years, just as in all gliomatous structures 
— a condition which is not to be regarded as an artificial or a pathological 

^^Bfitteher (Virch. Arch., vol. xvii.) has repeatedly noticed in middle-aged 
persons calcareous deposits in the periosteum of the internal auditory canal 
and in the neurilemma of the auditory nerve. Moos believes that the disturb- 
ances of hearing, subjective noises, and contractions of the muscles of the face 
observed in one of his cases (A. f. A. u. 0., vol. iii.) during the life of the indi- 
vidual, could be attributed to deposits of phosphate of lime in the auditory 
nerve. 


New Growths in the Internal Ear, 

Primary new growths in the internal ear are much less often met with than 
the secondary neoplasms, which extend from the middle ear or cranial cavity 
into the labyrinth and involve the auditory nerve. 

Little is knoum of primary new growths of the labyrinth, as the few post- 
mortem findings reported in literature are so deficient and of so little scientific 
value that the author can merely refer to them. 

Wo do possess, however, positive data in reference to primary new gro^vths 
occurring in the root of the auditory nerve itself, such as the sarcoma and 
the so-called acoustic neuroma. The former has been repeatedly seen by 
Pbrster {Wnrzh. med. Z., iii.), and in one case by Voltolini {Virch. Arch., xxii.). 
According to Sternberg {Zeitsch. f. Heilk., 1900), acoustic tumours are mixed 
growths of a gliomatous character. They arise from the acoustic neiwe itself, 
but are sometimes entirely independent of it. Not infrequently one finds 
multiple growths in addition to a general neuro-fibromatosis. In reference to 
their symptoms, wliich do not differ from those of other tumours of the posterior 
cranial fossa, the reader is referred to the chapter on ‘ Cerebral Disturbances of 
Hearing. 

In the great majority of cases new growths of the internal ear, winch extend 
to the labyrinth or to the root of the auditory nerve from the middle ear or 
cranial cavity, must be regarded as secondary neoplasms. 

The epitheliomata and the malignant round-celled sarcomata are those new 
groudhs of the external and middle ear which also involve the petrous bone 
and the labjrrinth. In a patient forty-seven years of age, observed by the 
author, an ulcerating epithelioma, which presented the symptoms of a chronic 
middle-ear suppuration with the formation of polypi, developed on the mastoid 
protyss, and extended to the petrous portion of the temporal bone and cranial 
cavity. Death resulted from an erysipelas of the face and head. 

The microscopic examination of the labyrinth showed the following (Tig. 289) : 

At the promontoty wall corresponding to the apex of the cochlea there was 
a perforation, tlnough which the neoplasm forced its way into the interior of 
the cochlea. The lamina spiralis in the second and third turns of the cochlea 
was perforated here and there, and the scala tympani and vestibuli were partty 
filled with masses of cancer cells, which were distributed in groups (6). 

The condition in the first turn of the cochlea was of special interest: the 
lamina spiralis was intact; in the scala vestibuli a group of cancer cells was 
.lound on the external wall of the ductus cocldearis, which extended alono- 
the basilar membrane to the oigan of Corti (c, c'). In the scala tympani of 
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the one side there was visible on section, a lohulated, cancerous tubercle (d) 
on the external and inferior walls of the cochlea, which almost fiUed two- 
thirds of the Bcala tynrpani (e). A connective-tissue band extended directly 
across the latter, and joined the connective-tissue lining membrane which had 
been detached from the inner wall of the cochlea. In some of the sections it 


h a 



Fig. 289. 


could be seen that the cancerous mass had penetrated into the internal auditory 
canal, and that it also involved the root of the nerve. 

Cavernous angioma of the petrous bone, Avliich was first observed by the 
author, is one of the rarest forms of new growths of the internal ear. 

A case of this nature is that of a girl, twelve years of age, who suffered for a year 
and a half from a right-sided otorrhoea and occasional hemorrhages from the ear. 



Fig. 290. 


For several months there was a right-sided facial paralysis. Status prcBsens : 
A bluish-red polypoid grovdih which reached to the middle of the external 
auditory canal, and which bled profusely on the slightest touch; roughness 
of the bone on the posterior wall of the meatus; marked deafness,^ and an 
increased perception for the tones of the tuning-fork through the cranial bones 
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on the affected side. During the time of observation there were severe 
hajniorrhages and a rapid regeneration of the growth. 

Dyspnoea and cyanosis suddenly set in, and death followed with symptoms 
of asphyxia. 

Post-mortem Examination . — ^The middle of the posterior osseous wall of 
the auditory meatus was perforated by two irregular openings half the size of a 
lentil, which led into the cavity of the mastoid process; through the one per- 
foration a tumour the size of a pea, and through the other, a smaller one of a 
bluish-red colour with a smooth surface, grew into the meatus. At the posterior 
part of the membrana tympani an oval perforation was found, through which 
several ragged growths had forced their way. 

An irregular, nodular, ovoid tumour about the size of an orange was.also 
discovered at the base of the skull, wliich occupied the entire right petrous 
portion of the temporal bone, and which extended forwards into the right 
middle, and backwards into the posterior, cranial fossa. 

The entrance into the internal auditory meatus was greatly contracted. 
The acoustic and facial nerves were thin, and of a light gray colour. In 
a section through the petrous bone (Fig. 290), the bone was found to be traversed 
by numerous small and large cavities (c), from the walls of which round and 
iiTegular excrescences grew into their lumens ; from the upper part of the petrous 
bone (&) a radiating osseous framework (a) arose, wliich was composed of strong 
osseous lamellte, and to the upper edge' of which a large cavernous framework 
was attached (d), which contained a sanguineous fluid and coagula. The 
microscopic examination of the polypus, which had been removed from the 
external meatus, showed that it was a cavernous angioma with branching 
ridges of bone, and that it was in communication with the new growth in the 
petrous bone. The tumour probably had its origin in the lateral sinus, which 
communicated with the cavities of the cavernous angioma. The inferior parts 
of the right temporal and occipital lobes were deeply depressed, corresponding to 
the size of the growth; the cerebellum and med^la oblongata were laterally 
compressed, and pushed to a marked degree towards the left side. 


Neuroses of the Acoustic Nerve Apparatus. 

The affections of the acoustic nerve, which are associated with 
a diminution or loss of the hearing function, are produced, as 
already mentioned, by anatomical changes in the labyrinth, jn 
the root of the nerve, and in its central course. There is no 
doubt, however, according to clinical observations, that functional 
paralyses of the acoustic nerve do occur which are not caused 
by any demonstrable anatomical change. 

I. Hypersesthesia. 

Under this heading the following must be classed: 

I. Hyperacuteness of Hearing (Oxyecoia).— This is charac- 
terized by an occasional^ striking increase in the acuteness of 
hearing, which may be either for every kind of tone and noise, 
01 onlj’’ for certain sounds. During such phases, which generally 
last from one to two hours, the individual is able to hear speech 
or music at a greater distance than usual or from distant rooms 
(as, for instance, the neighbouring apartment), while those 
persons whose hearing is normal may only perceive the sounds 
indistinctly. 
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Hyperacuteness of hearing is of very rare occurrence, and 
very little trustAvorthy information regarding this form of neurosis 
can be found among the works of older authors. According to 
the author’s observations, it generally affects nervous, hysterical 
and neurasthenic persons Avhose hearing is otherwise normal. 
The most frequent etiological factors are; mental excitement, 
and slight congestion of the head following the use of alcoholic 
beverages or nicotine poisoning. The author has repeatedly 
obserAmd a temporary acuteness in the hearing after the cessation 
of a mild catarrh of the tube and tympanic cavity, and after the 
removal of a plug of cerumen. There is almost invariably a co- 
existing sensitiveness to noises. Sometimes oxyecoia appears 
as the forerunner of meningitis, encephalitis, or an intracranial 
affection of the acoustic nerve. Urbantschitsch observed it in 
the beginning of febrile diseases, with marked affections of the 
mind, and after chloroform anaesthesia; Charcot states that he 
noticed it during hypnotism. 

II. Paracusis. — The qualitative change in the perception of hearing 
(false hearing), -which most frequently becomes apparent by a false inter-- 
pretation of pitch, must not always be considered a S3Tnptom of an affection 
of the acoustic nerve, for it has been noticed that a tone may be perceived 
a tone higher, owing to changes in the tension of the sound-conducting 
apparatus in affections of the middle ear. Greater differences in perception — 
as, for instance, to the next third or 1-2 tones higher or lower — may be looked 
upon as a discordance of the acoustic apparatus; such disorders are very dis- 
tressing and annoying to musicians, especially if the affeetion is unilateral, on 
account of the dissonance of the sound impressions. A false perception for 
the tones conducted through the air seldom signifies a similar condition for 
the conduction tlrrough the bone. 

Diplacusis. — ^To the false perception for tones it is also necessary to add 
diplacusis (paracusis duplex), an anomaly of rare occiurence, by which we 
understand that every sound or only certain tones are heard twice. The 
author has repeatedly observed this disturbance of hearing in otitis media 
aauta, in serous middle-ear catarrh, and in chronic middle-ear suppuration; 
the symptom was transient; in two cases tones as well as speech were doubly 
heard, and in another case, according to the statement of the patient, they 
were perceived more as a weak after-tone or echo. Kayser (Berl. Congr., 1890) 
differentiates a diplacusis dysTiarmonica and echoica.* In the former, two 
tones are heard in such a manner that the diseased ear hears simidtaneously 
a higher or lower tone than the normal one. In the second form, as stated 
above, the sound is perceived later and weaker, resembling an echo. 

Cases of diplacusis have been reported by Itard, Sauvages, Beck, Wittich 
(personal observations), Treitel,'!' Moos and Knapp, who also endcavoured to 
explain this phenomenon. According to Barth {Sitzungsber. d. Ges. z. Beford 
d. ges. Nahirwissenscliaften, No. 7, 1892), to whom Ave are indebted for lus 
thorough investigations of this subject, diplacusis binauralis may be principally 
attributed to the middle ear; in such cases the diseased organ does not perceive 
another tone from that heard by the normal ear, but the same tone at a different 
pitch. Jacobson does not accept Barth’s explanation, and believes that also 
in middle-ear affections, there is a total or partial discordance of the elastic 
terminal filaments of the auditory nerve. Gumpert (according to Bressler) 


* Cp. Etievant, -Annal. d. malad. do Voreille, etc., 1897. 
t Cp. Capeder, Inaugural Dissert., Basel, 1895. 
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describes liis personal observation: after an exhausted inflammatory affection 
of tlie ear, he noticed a diplacusis. Spoken words were heard as if they came 
from two different dhections. Both words were perceived with aii interval 
between, so that the second was no echo of the first, and he could distinguish 
them only by the difference in their tones. That he heard double only with 
the affected ear could be clearly proved by hermetically closing^the external 
meatus of the healthy one. 

Paracusis Willisii was discussed under the chronic middle-^r catarrhs 
(p. 334). Paracusis loci does not depend on an anomaly of.hearing brought 
about by a change in the acoustic nerve, but on the difference in the acuteness 
of perception of the two ears. As our judgment as to the direction whence 
the sound comes depends on binaural hearing, it is found, especially in cases of 
unilateral deafness, that the sound will be erroneously interpreted as though 
coming in the direction of the normal ear (P. Range).* 

III. Hyperaesthesia Acustica. — This term is used to signify 
an unpleasant, painful sensation in the ear, which is produced by 
tones or noises, and which is also found in persons of normal 
hearing when the highest tones (Galton’s whistle, sounding- 
rods) are elicited near the ear. Anaemic, nervous, hysterical, 
neurasthenic, easily excitable individuals, and those convalescent 
after severe illnesses, are often unpleasantly affected by certain 
tones and noises. This painful perception for noises is a symptom 
which frequently accompanies hemicrania, trigeminal neuralgia, 
and a beginning or an already developed cerebral affection. 
Occasionally it occurs after the internal administration of quinine 
and the salicylic preparations. Knapp {A. /. A. u. 0., vol. ii.) 
has observed this phenomenon after an attack of sunstroke. 
Hypersesthesia acustica is, however, most often met with in 
acute and chronic affections of the middle ear and labyrinth, 
especially in the severe forms of otosclerosis. In these cases 
the sensitiveness to noises is often disproportionate to the dis- 
turbance of hearing, as it has frequently been found that when 
there is complete deafness there is still hyperaesthesia acustica. 
It not infrequently happens that hyperaesthesia acustica gives 
rise to a feeling of anxiety, tightiress in the head, headache, 
nervous excitement, and attacks of dizziness. 

IV. The Angioneurotic Paralysis of the Acoustic Nerve. — 
This exceedingly rare affection is characterized by a sudden 
pallor of the face, nausea, dizziness, tinnitus, and hardness of 
hearing, which disappear entirely within a few minutes with the 
return of the former normal colour of the face, and without leaving 
the slightest disturbance of hearing. 

,, A, typical case occurred in the author’s practice. The patient was a man, 
tiiirty-six j'cars of age, who became deaf in the right ear after an attack of 
scarlet fever, and in whom the left ear remained entirely normal until six 
months ago. ^ At that tune the patient was attacked by nausea and dizziness 
winch soon di^pppared. The attacks, occurring almost daily since that time’, 
showed the following com-se according to the description of the patient: with 
the feeling as though something rushed to his head, pallor of the face and severe 


* Cx). Politzcr, Vchcr Paracusis loci (A. /. 0., vol. xi.). 
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dizziness came on so suddenly that he was compelled to take hold of some 
object near at hand in order to steady himself; at the same time a loud buzzing 
sound lilie that of a steaming kettle, a feeling of fulness, and marked deafness 
were experienced in the left ear, Avithout the least loss of consciousness during 
the attack. After seAmral minutes the subjective noises ceased, the face became 
slightly flushed, the dizziness and tightness of the head quickly disappeared, 
and the former normal hearing again returned. 

The author was able to confirm these statements of the patient by observing 
the symptoms during an attack. At the moment of greatest pallor of the 
face, the hearing distance for the acoumeter ivas found to be over 3 m.; half 
a minute later it diminished to 1 cm., and the patient could understand only 
with difficulty words spoken in his immediate vicinit 3 \ In tivo minutes the 
pallor disappeared, the subjective noises became weaker, and a rather rapid 
increase in the hearing distance for speech and for the acoumeter was observed. 
The normal hearing returned five minutes later with the disappearance of the 
stupor and the feeling of tightness in the head. 

As it was assumed that these symptoms ivere due to an angioneurosis of the 
acoustic nerve, taking its origin from the sjnnpathetic nerve of the neck, 
galvanization of the latter nerve was tried. After the application of this current 
for eight dajm the attacks did not recur for several days, and by continued 
treatment for several months, they eeased entirely. 

V. Hysterical Paralysis of the Acoustic Nerve. — Peculiar 
sensations in the ear, such as a feeling of trickling, flowing, and 
creeping in the deeper portions of the meatus, a painful con- 
striction and pressure in the ear, and an increased sensibility to 
noises without any perceptible disturbances of hearing, are not 
infrequently observed in hysterical individuals. One of the most 
frequent sensory manifestations of hysteria is otalgia,* which, 
however, may be attributed to hysteria only if, by exclusion of 
other etiological factors, the rapid change of the neurosis and 
other hysterical signs point to such an affection {vide Otalgia). 

It is well knoAvn that fainting and general convulsions may 
be produced in hysterical patients by simple otoscopy, by 
catheterization, by touching the turbinated bones (LichtAvitz, 
Les Ancesthesies Hysteriques, 1887), and by other slight manipu- 
lations. 

Acoustic antesthesiaf — that is, hypresthesia — is the most 
common form of hysterical manifestations of the auditory nerve, 
and develops as a part of an unilateral hysterical paresis. This 
form of deafness is more common than was formerly supposed. 
The disease is characterized by the sudden or gradual appear- 
ance of unilateral deafness (seldom bilateral), by a simultaneous, 
tactile hypersesthesia, by hyposmia, by a limitation of the field 
of vision, and by a diminished sensibility to thermic and painful 
irritations on the affected side. The auricle, the external meatus 
(Briquet, Traite sur I’Hysiei-ie, 1859), and occasionally the meni- 
brana tympani and the mucosa of the Eustachian tube of the 

* Gradenigo, Ueher die Manifestationtm der Hysteric in Gchorrgane {Hangs 
H??!. Fortragre, Jena, 189G). 

t Ecman, Un cas de snrdite Jiisteriqve, sans antre manifestation {BnU. de la 
socieie Beige d’otologie, Brussels, 1897). 
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affected side are found to be hypresthetio. The bone conduction 
is completely lost.* The tone of a vibrating tuning-foik placed 
on the vertex is beard in the normal ear; the duration of peiceji- 
through the cranial bones of the affected side is markedly 
hTrW or completely wanting, so that even the greatest 
vibrations of the fork at the mastoid process of the diseased side 
are experienced only as a tactile sensation m spite of the tact 
that they are lateralized towards the normal side and must have 
been perceived as tones. Hammerschlag calls attention to a 
striking -disproportion between the hearing distance for speech 
and the perception for the tone of the tuning-fork, and considers 
this as characteristic for hysterical hyp»sthesia. While wins- 
pered speech is occasionally understood at 2-3 m., the perception 
for the tone of the tuning-fork conducted through the air is 
reduced, just as in organic affections of the ear associated with 
a high degree of deafness. Another symptom observed by Ham- 
merschlag {Wiener allgeniein. mcd. Zeitung, 1904) is fatigue of 
the auditory nerve as the result of continuous stimulation.^ If a 
tuning-fork is made to vibrate at its greatest intensity, and is held 
before the ear until the sound is no longer perceived, it will 
again become audible after a few seconds, in spite of the fact 
that it has not been struck again. The diagnosis of hysterical 
hypassthesia is made certain if it is possible to influence the 
hypaisthesia by the phenomenon of transference. 

As a matter of interest, we will quote here a few striking 
examples of hysterical disturbances of hearing, which have been 
' collected from the large number of cases on record. 

A girl twenty-five years of age was seized with a gradually increasing left- 
sided hemiplegia and hemianaesthesia after great mental emotion. The 
paralysis involved the regions supplied by. the trigeminus and occipital nerves 
up to the median line. The sight in the left eye was lost, and the hearing and 
conduction of sound through the cranial bones were also gone in the left ear. 
The sense of smell was lost on the left side, and also the taste on the correspond 
ing half of the tongue. In the further course of the affection, total motor and 
sensory paralysis was observed in all the extremities and bilateral amblyopia. 
Sensation and mobility gradually returned, first on the left, then on the right 
side.^ Yet, in the following year, the hearing distance was noticed to undergo 
varjdng increase and decrease, and at one time a temporary left-sided deafness, 
amblyopia, hemianoesthesia, absence of galvanic reaction of the auditory nerve, 
and the phenomenon of transference were observed. Habermann (Praqer 
meet, b ochenschr., 1880) reports the case of a boy, fifteen years of age, in whom 
symptoms of Memfire’s disease, progressive deafness and blindness, hyper- 
testhcsia of the olfactory nerve, intense headaches alternating with complete 
aud insensibility, liyperaasthesia followed by anresthesia of tbe right 
7 phenomenon of transference were attributed te a 

lij stcncal affrotion. A permanent cure is said to have been achieved by the 

dte “Si *“ “*'■ ““ '’y 

A sudden complete return of the hearing power, after a deafness of eleven 


* Lannois ct JIarc’ Hadbur, Ann. des malad. de VoreiUe, etc., 1899. 
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months following a concussion of the skull, was observed by the author in a 
man twenty-one years of age. ' 

Hammerschlag observed a similar case in an old woman, who became 
completely deaf in the left ear after a fall, and in whom normal hearing, accom- 
panied by a loud snap in the ear, suddenly returned on the third day. Veit 
{Miincli. med. Wochenschrifl, 1898) treated a young man, twenty-six years of 
age, who, upon awaking one day, found that he was deaf and dumb; after a 
single catheterization the hearing and speech again returned. Attacks of 
temporary deafness, with vicarious hsemorrhages from the ear, have been 
observed by Stepanow, Benni, Eitelberg, .Ferreri, and Gradenigo. 

Tinnitus and attacks of dizziness do not belong to the symp- 
toms of true hysterical hypsesthesia. The occurrence of these 
phenomena in hysterical persons must be regarded, according 
to Hammerschlag, as a sure indication of an organic affection of 
the ear. That, in hysterical individuals even slight aural affec- 
tions may produce severe disturbances of hearing, which are 
rapidly relieved by local treatment, is known to every specialist. 

The sudden changeable character of hysterical deafness ex- 
plains the brilliant results which have been obtained by the 
various therapeutic procedures. While some observers praise 
the favourable effect of the electric treatment, others highly 
commend the treatment by transference, by metallo-therapy, 
and by hypnotic suggestion. It has been shown that the last of 
these, produces an immediate striking improvement in the hearing 
in some cases. This, however, is the only form of disturbance of 
hearing in which it is permissible to employ hypnotism. Its 
application in other forms of disturbance of hearing and for 
subjective noises has proved utterly useless. 

In addition to the forms of paralysis of the acoustic nerve 
detailed here, other paralyses of this nerve (such as a rapid loss of 
function in one or both ears) are sometimes observed, in which 
the objective examination is negative; these paralyses, however, 
cannot be classified with any form of disease described so far, 
on account of the absence of any apparent etiological factor, and 
the want of other accompanying symptoms, as subjective noises, 
dizziness, and disturbances of equilibrium. Whether we have to 
do in such cases with true anatomical changes, or only with a 
functional paralysis of the acoustic nerve, cannot be determined 
owing to the lack of anatomical data. The rapid disappearance 
of the disturbance of hearing would in some cases point to a true 
functional disorder. Bloch (Deutsch. Otologentag, 1906) found 
a nerve deafness of varying degree in seven out of eight cases of 
retinitis pigmentosa. 

Attention must still be called to a form of disease, which might 
be designated sympathetic paralysis of the auditory nerve. It 
has already been shown that in unilateral aural affections asso- 
ciated with a high degree of deafness, disturbances of hearing 
develop more or less rapidly in the other ear which was pre- 
viously in a normal state. From the absence of objective 
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symptoms in the sound-conducting apparatus, and from the 
results of the tuning-fork tests, it may be concluded, with 
absolute certainty that we are dealing in these cases with an 
affection of the acoustic nerve. We are still at a loss to explain 
the anatomical conditions which cause this sympathetic affection 
of the auditory nerve. 


It would be going too far, however, if, in unilateral disturbances of hearing, 
a later affection of the normal ear should always be regarded as of sympathetic 
origin. In many cases of so-called sympathetic affection we are certainly 
dealing only with an ear which has been previously diseased, and not with an 
organ which has become pathologically altered by direct influence from the 
diseased ear. A reaction of the diseased ear upon the normal one may be 
clinically shown only in cases of marked hardness of hearing or total deafness; 
experience has demonstrated that in these cases the predisposition of the 
normal oar to become diseased increases as the hearing power of the 
affected ear becomes worse. Whether this condition is due to pathological 
changes extending from the auditory nerve of the diseased ear to the acoustic 
nucleus and roots of the other, or normal one, is difficult to say, and must be 
decided at some future time by clinical observations supported by the con- 
ditions found at the post-mortem examination. 

The assumption that the simultaneous appearance of ocular and aural 
affections is due to a relationship between the eyes and ears must be contra- 
dicted, as affections of both of these organs usually can be traced to the same 
etiological factor (atmospheric influences, scrofula, acquired and hereditary 
syphilis, etc.). The disturbances of vision, which are often associated with 
catarrhal and inflammatory aural affections, are not to be looked upon as 
duo to any particular relationship between the ears and eyes, as temporary 
changes in vision may bo brought about reflexly, or may be due to an affection 
of some other organ or other part of the body. The assumption that a dis- 
turbance in hearing may be followed by a diminution in vision of some duration 
is erroneous. If the disturbances in hearing had such an influence on the eye, 
disturbance of vision would occur much oftener than is really the case. We 
only need to refer to the known fact that the majority of deaf-mutes possess 
a sharp vision, and that likewise the majority of bHnd persons have an acute 
hearing. 

The Treatment of Paralyses of the Acoustic Nerve. — The 
treatment of paralyses of the acoustic nerve depends on the 
cause and duration of the affection, on the degree of disturbance 
of hearing, and on the accompanying symptoms. In recent cases 
it is advisable to keep the patient in a quiet room for several 
days, and not to employ any local treatment of the ear. In 
several cases of hardness of hearing which came on suddenly, 
the author effected a striking improvement by subcutaneous 
injections of a solution of muriate of pilocarpin (4-10 drops of 

^01’ eiglit to ten days). Dundas Grant 
iprit. Med. Journal, 1895) and Schirmunsky (M. /. 0., 1895) 
conhim the fiivourahle results of the pilocarpin treatment in 
acute cases. In cases in which pilocarpin proved ineffectual, 
sodnuu iodide (.^ gramme pro die) 'was administered with good 
effect.- Purgatives, stimulating foot-baths, alcoholic emhroca- 

* Sajodmm pastilles (0-5),lwototlu-eea day, has lately been recommended. 
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tions, and vesicants to the mastoid iDi'ocess, as well as diaphoretics, 
occasionally proA^'e verj’- beneficial. If the paralysis is due to 
some syphilitic lesion, as is demonstrated by the result of the 
Wassermann test, a rigid antisyphilitic treatment should be given, 
and in the majority of cases the lost or impaired hearing Avill 
graduall}’’ return to normal. 

The chances of improvement are less the longer the disturb- 
ance of hearing continues. Experience, however, shoAvs that 
even in cases of long standing a satisfactory result may some- 
times be obtained by proper local and internal treatment. For 
local treatment the following are recommended; injections of 
a solution of muriate of pilocarpin through the catheter into 
the tympanic cavity (4-8 drops of a 2 per cent, solution for ten 
to tAA'enty days), injections of a solution of potassium iodide 
(0-5 : 20-0, 10-16 drops) Avhen the condition is of a syphilitic 
nature, and, lastly, the introduction of the vapours of acetic or 
sulphuric ether (pure, or mixed with half-pure liquid ammonia) 
into the tympanic cavity per fubam. In disturbances of hearing 
of a nervous nature, Avhich are not associated Avith subjective 
noises, endermic embrocations of strychnine (0-1 : 20-0 glycerine, 
6-8 drops) on the mastoid process may he tried. The local 
treatment may be facilitated by the internal administration of 
potassium or sodium iodide (0-5 pro die) or strychnine (0-07 : 20-0 
aqu. destil., t.i.d. .8-5 drops). If these various remedies prove 
ineffectual, it is advisable to resort to the galvanic treatment. ^ 

Subjective Sensations of Hearing.* — Subjective noises in 
the ear, which are ahvays symptomatic of an irritation of the 
auditory nerve, or of its terminal filaments in the labyrinth, 
are produced either by affections in the ear itself, or by_ reflex 
irritations of the cranial and spinal nerves.f They constitute a 
very frequent, sometimes an almost unbearable, symptom of 
affections of the ear, the significance of which has been repeatedly 
pointed out in describing the Symptoms of Diseases of the 
External, Middle, and Internal Ear. (See those chapters.) 

In the great majority of cases subjecthm noises are localized 
in the ear itself, but in many instances they are experienced 
within the head, in the occiput, in the temporal region, or on 
the vertex. Intense noises, Avhich occur in paroxysms, often 
extend from the ear to the inner portion of the head, and spread 
sometimes to the frontal and sometimes to the occipital region. 
It rarely happens that the sensation of sound is projected out- 
Avards. This is especially the case, howeAmr, in the beginning of 
the affection, when the subjective sensations are erroneously 

* Cp. the exhaustive paper by the author, Ueber subjective Gehorsemjifind- 
ungen {Wien. med. Wocliensclir.,\SQ5). 

t Tr6tr6p {Congr. de la Soc. franc, de laryngol., etc., 1906) observed subjective 
noises as the first symptoms of an aneurism of the middle meningeal 
artery. 
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fflistaksiifor objsctivG noisGS, until ©xporiGiicG coi’iGcts this phGiio- 
mGiioii and rGctifiGS tliG falsG conception. 

The subjective sensations of hearing are most frequently ex- 
perienced as whizzing, roaring, buzzing, seething, hissing tones, 
ringing, humming, and whistling in the ear. They are desig- 
nated as low or high by the patients.* They m-e often compared 
to the noise of a railroad train, the chirp of a cricket, the *\varble of 
birds, or to the rarest kinds of noises, as, for instance, the healing 
of inarticulate human voices, the barking of dogs, the crashing 
of plates of glass, the grinding of scissors, the cracking of beams, 
the sound of trumpets, the tone of a low or high string of a 
violin, chaotic musical tones, creaking and crackling, pistol 
shots, rustling noises, the sensation of wind, rushing froni the 
ear, the blow of a hammer, the noise of a mill, the crocking of 
frogs, etc. Objective noises (as, for instance, the tick of a 
watch) are often not recognized as such if they are similar to the 
subjective noises of the patient. A patient who said that he 
constantly heard the chirp of a cricket was not able to recognize 
the chirp which the author imitated with his mouth in the 
patient’s immediate neighbourhood, in spite of the fact that the 
deafness was of a slight degree. Frequently, only one kind of 
subjective noise is heard; occasionally, however, it changes, and 
the most varied kinds of noises are perceived simultaneously. 
The intensity of the subjective noises is seldom uniform; it 
usually shows marked variations, depending on the diseased 
process itself, but more often on external influences or somatic 
conditions. 

The following may be mentioned as some of the external 
influences which produce an increase in the subjective noises: 
Changes of weather and temperature, great heat, wind, draughts, 
rainy, damp weather, and confinement in close, damp, or smoky 
rooms. The noises are generally less annoying in the open air. 
Marked tinnitus is often not noticed on account of diversion and 
occupation, which explains why many persons do not hear the 
noises during the day, while they become distinctly audible 
when the external auditory canal is closed, in quiet rooms, and 
at night before going to sleep. Marked objective noises often 
overshadow the subjective ones so completely that persons in 
waggons, in the train, and in noisy rooms do not perceive their 
intense ringing in the ears; this, however, makes the latter appear 
so much the louder when the environment becomes quiet again. 
The author has frequently seen persons who still heard subjective 
noises in the midst of the greatest uproar. That marked objec- 
tive noises may ternporarily diminish the subjective sensations 


According to Pause (ZeifsclK /iir OhrenUillc., 1898), subjective sensations 
of hearing of a high pitch are always brought about by changes in the laby- 
rinth or in the auditory nerve, or by rehex irritation. ^ 
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of hearing was already known to the older authors (Plater, 
Itard); one sometimes notices in aural patients that the noises 
are lessened, or made to disappear entirely for a short time 
(Urbantschitsch), by the action of the tone of a tuning-fork on 
the ear. 

Bodily and mental exertions, affections of the mind, con- 
tinuance in a stooping position, excessive talking, coughing and 
sneezing, movements of the jaw in chewing, turning and shaking 
the head, sleeplessness or too much sleep, the use of alcoholic 
beverages, smoking, overfilling the stomach, indisposition, 
diseases, menstruation, pregnancy and parturition, and, in fact, 
all things which tend to produce an irritation to the nervous 
system usually increase the tinnitus in an astonishing manner. 
Noises, which are not even very intense, are especially annoying 
to hysterical and neurasthenic individuals. Children seldom 
complain of subjective noises. 

Subjective noises become more endurable when the body is 
in a healthy condition, when the mind is at ease, in individuals 
who have a happy disposition, and in dry, clear weather. 

Subjective sensations of hearing may he either intermittent 
or continuous (vide p. 176), The continuous noises may either 
begin as such or they may develop from the intermittent ones, 
inasmuch as the intervals, which were considerable at the 
beginning, gradually disappear altogether. 

In some patients they produce such unbearable torture that 
the patients are driven to suicide. Others gradually become 
accustomed to them. Subjective noises which arise Avith a, 
typical regularity are rare, and have generally been observed in 
intermittent fever. 

The relation of subjective noises to disturbance of hearing has 
been discussed in the various forms of diseases of the ear. It 
must still be mentioned, however, that in a number of cases 
the intensity of the noises increases Avith that of the disturbance 
of hearing; in others they cease with the deafness; in other 
cases, again, they continue to increase after the loss of the 
hearing. Attention must still be called to the fact that those 
diseases of the labyrinth and auditory nerve Avhich are often 
most severe clinically may, run their course without any sub-- 
jecthm noises. 

‘ Neiwous tinnitus,’ or ‘ ringing in the ears without difficulty 
in hearing,’ is that form of tinnitus which must be looked upon 
as a pure neurosis. It occurs mostly in nervous persons, after 
severe mental exertions, from grief, in exhausted conditions, AA'ith 
antemia, after parturition, after a seAmre concussion of sound, 
and occasionally also in persons who are in a perfectly normal 
state of health. Co-existent sensitiveness to light arid disturb- 
ances in other nerves point tcAA^rds a central affection. The 
patients most frequently complain of ringing, hissing, and 
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buzzing in the ear; still, the noises seldom reach such an intensity 
as those acconip any iug chronic adhesive processes of the middle 

Nervous tinnitus may disappear sooner or later, hut not infre- 
quently it continues during the whole life of the patient without 
any disturbance of hearing. Sometimes, after a long observation, 
it proves to be the forerunner of otosclerosis or of a cerebral 

affection. . 

Subjective sensations of hearing are occasionally produced 
reflexly from the trigeminus, less often from the facial nerve; 
they are also experienced in cases of neuralgia and hemicrania. 
They must he looked upon as reflex symptoms if they arise 
during an attack of neuralgia, and again disappear after the 
attack has passed away. The author has repeatedly noticed 
that subjective noises may also be produced and existing 
sensations of hearing increased or diminished by irritation of the 
skin in the region of the ear which is supplied by the trigeminus 
nerve; such irritations may be occasioned by stroking the skin 
or by shaving. In a musician who was under the author’s 
observation, the sensation of certain musical tones could be 
produced by stroking the skin at the external auditory orifice 
and by an act of swallowing. 

Hallucinations of sound (articulate human voices, musical 
melodies) are rarely met with in individuals with an aural 
affection, unless it be complicated by an altered condition of 
the brain. Clinical experience has shown* that hallucinations 
arising from a cortical lesion become worse by the intercurrence 
of an affection of the ear, and that in some psychoses the hallu- 
cinations may be diminished or removed by a successful treat- 
ment of the aural affection. 

_ According to the author’s observations, the subjective sensa- 
tion of sound experienced by aural patients whose mind is in a 
normal condition, is that of musical melodies which constantly 
repeat, and which often make the individuals disgusted with life. 
Thus two young English ladies constantly heard the melody of 
‘ God Save the Queen.’ In the one, the sensation disappeared 
after several weeks’ treatment of a middle-ear catarrh. A man 
of advanced age, who had become moderately deaf in conse- 
quence of otosclerosis, sought relief for an '.annoying Ambrosian 
church song which had continued uninterruptedly for months, 
and_ which he had not heard since his school-days. The sub- 
jective sensation of articulate human voices (entire sentences) 
has a more unfavourable prognosis, and often appears as the 
foierunner of a severe psychosis (melancholia, .progressive 
paralysis). ^ Those cases in which hallucinations are produced 
by a ceruminous plug or foreign body in the ear are of very rare 
occurrence. 


* Koppe, A.f. 0., vol. ix. 
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The statement that hallucinations of sound are found in the 
various forms of psychosis, and are produced by a simultaneous 
affection of the ear, is corroborated by the thorough investiga- 
tions of Eedlich and Kaulmann (Wien. Idin. Wochensclir., 1896), 
who examined a large number of persons having a mental 
affection (paranoia, melancholia, mania, delirium tremens). It 
was found that in a great percentage of the cases visible 
pathological changes were present in the external, middle, and 
internal ear. 

Combinations of tinnitus, hallucinations, and epileptiform 
attacks, as seen in a case reported by Eleury (Ann. d. malad. 
de Voreille, etc., 1900), are rarely observed (Lannois, ii'p'f/epsifl ah 
aura Icesa). In a case reported by Pick (Jalirh. /. Psycliologie, 
1890) of right-sided epilepsy and hallucinations of sound on 
the corresponding side, the autopsy revealed a lesion of the left 
cerebral hemisphere. 

Prognosis of Subjective Sensations of Hearing. — The prog- 
nosis of the subjective sensations of hearing depends on the cause 
and duration. Those noises which are occasioned by diseases 
of the external ear, by acute inflammations of the middle ear, 
and by exudative catarrhs, ha-ve, as a rule, a favourable prognosis. 
It is unfavourable in otosclerosis, in the severe forms of laby- 
rinthine diseases, in disturbance of hearing of cerebral origin, 
and in the arterial noises in the ear which have existed for a long 
time. The prognosis of intermittent subjective noises is favour- 
able, while that of continuous noises is unfavourable. 

Treatment. — In the treatment of subjective noises it is of the 
greatest importance to ascertain the cause. The' subjective 
sensations of sound usually disappear after the removal of ceru- 
minous and epidermic masses, granulations, and polypi from the 
external ear. In like manner the noises produced by an abnor- 
mally increased pressure in the labyrinth, as is often observed 
with impermeability of the Eustachian tube, and with accumu- 
lations of mucus, pus, and masses of epidermis in the tympanic 
cavity, will frequently disappear entirely after the removal of 
these pathological conditions. The same applies to the subjective 
sensations occurring during the course of an acute inflammatory 
process in the external or middle ear, or from anomalies of 
tension in the sound-conducting apparatus. ' On the other hand, 
treatment proves ineffectual in the majority of cases in which 
the continuous noises are caused by the formation of new con- 
nective tissue in the tympanic cavity, by otosclerosis, by an 
impermeability of the Eustachian tube, and in those cases in 
which they are associated with an affection of the labyrinth and 
a diseased condition of the brain. This is found to be especially 
the case when the noises have lasted for months or years. 

The effect of local treatment on subjective noises in chronic 
affections of the ear cannot be foretold. In some cases the noises 
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cease entirely, in others they become weaker, and in the majority 
of cases ‘they remain unaltered even when a marked improve- 
ment in the hearing has been obtained. After treatment for 
some time the diminution in the noises is sometimes permanent; 
more often, however, there is a gradual increase even atter 
treatment for several weeks or months. If the treatment is 
continued too long, it may intensify slight noises, and may even 
in some cases produce tliem. 

As in the great majority of cases subjective noises are an 
accompanying symptom of an inflammation, catarrh, or adhesive 
process of the middle ear, the treatment is essentially the same 
as the treatment of the local affection causing them. ^Yhen 
there are accumulations of secretion in the middle car, or 
anomalies of tension in the sound-conducting apparatus which 
bring about an increased pressure in the lab 3 ainth. it has boon 
found that inflations of air into the middle ear and rarefaction 
of the air in the external meatus are often the most effectual 
means by which these subjective noises arc overcome. '1 ho 
effect is most noticeable immediately after sucli trcatincnts, 
inasmuch as the severe noises often cease promjitl}^ or become 
markedly diminished. This result is more permanent after the 
application of the authbr’s method of inflation, combined with 
rarefaction of the air in the external meatus, than after cath- 
eterization, unless there is a stricture of the tube, in which case 
the use of the catheter and bougie is indicated. Inflations of air, 
combined with vapours (p. 125) of sulphuric ether, acetic etlier, 
chloroform, or of a mixture of equal parts of oilier sulphuriciis 
and ether chloratus, of iodide of ethyl, and, linally, of the spirits 
of nitrous ether, have proved of Amlue to the author. After 
catheterization and injection of 8-12 drops of a 1 per cent, 
solution of pilocarpin hydrochlorate, or 10 drops of a solution of 
sodium bicarbonate (0-5 ; 10-0), there is sometimes a diminution 
m the subjective noises, and an increase in the hearing distance. 

The application of counter-irritants and vesicants behind the 
ear, which was formerly highly recommended for tinnitus, is of 
little value, and no longer used. The author has found counter- 
o^,the mastoid process somewhat useful in cases in 
which the noises are^ of recent standing, and in patients in whom 
the continuous tinnitus has increased to an unbearable degree. 
Alcoholic embrocations on the mastoid process,* or the application 
01 a cantharides plaster, sometimes produce a marked relief. 

In cases in which the subjective noises were of recent dato, 
diminished their intensity by the application of 

quinme to parts of the mastoid which had been 
exposed by vesication. 

sinapis, ana 30 - 0 . Sig.: Rub 20 drops 
Sig.-.UseasSve.^" formicar., balsam. Hofmanni, ana 30 - 0 . 

46 
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Narcotic embrocations in tlie region of the ear* seldom prove 
of value. 

Instillations of narcotic oils into the external auditory canal 
often increase the subjective sensations of sound, and decrease 
the hearing, inasmuch as the oily substances dry on the mem- 
brana tympani and form a thick layer upon it. On the other 
hand, however, an alleviation of the tinnitus and a subjective 
feeling of relief are often brought about by painting the carti- 
laginous meatus with a medicated glycerine solution, especially 
when the meatus is dry and void of secretion. In the author’s 
practice he uses the following solutions: R. : Tincturse ambrse 2-0, 
etheris acetici 1-0, glycerini puri 25-0. R. : Tincturte valerianee 
2-0. etheris acetici 1-5, glycerini pjuri 30-0. 

Of all the internal medicaments, sodium bromide (1-2 grammes 
daily) has proved especially beneficial in those cases of nervous, 
excitement and sleeplessness which have been brought about 
by intense subjective noises. Hydrobromic acid (10-30 drops 
t.i.d. in sweetened water), as recommended by Woakes, seldom 
produces a noticeable diminution in the subjective sensations of 
sound. Lucae recommends isopral 0-5 pro die. 

In otosclerosis, and in the aural affections secondary to consti- 
tutional syphilis, a diminution in the subjective noises is some- 
times observed after the internal use of potassium iodide (0'5-|l’0 
daily). In some cases of syphilitic origin the intravenous injec- 
tion of salvarsan has proved beneficial. The effect of the general 
and internal medication may, in the latter cases, be increased by 
inunctions of an iodide (potassium iodide 2-0, pure iodine 0-2, 
lanolin, vaselini ana 15-0) ointment on the mastoid process. 

When the noises are of a pulsating character, Avith or without 
an affection of the heart, the author has repeatedly seen them 
strikingly diminished by the internal administration of tincture 
of digitalis (6-10 drops), or of tincture of strophanthus (5 drops 
t.i.d.). Dundas Grant (Brit. Med. Journal, 1887) recommends 
compression of the vertebi’al arteries for pulsating noises in the 
ear. Curetting the vestibule of the labyrinth in order to over- 
come the seAmre tormenting noises of otosclerosis, as performed 
in one case by Matte (Dentsch. med. Wochensch., 1906), is admis- 
sible only in very desperate cases. Lake, Parry, and Milligan 
report variable results in cases in Avhich the labyrinth Avas opened 
for marked deafness, dizziness, and subjective noises. Whether 
in cases of severe tinnitus it is justifiable to open the cranial 
caAuty and to seAmr the root of the auditory nei’A'^e, as has been 
carried out by Wallace and Marriage in one case with a fatal 

* E.: Glycerini puri lO’O, extract, laudani aquos, 0*4. M. tere exactissimo 
D.S.: 8-10 drops to be rubbed behind the ear. — B-: Glycerini puri lO-O, 
acetat. morph. 0-2. M.D.S.: Same as other. — E.: Olei olivarum, chloroform., 
ana 8-0. M.D.S.: Same as other. — ^E.: Glycerini puri lO-O, tinct. bella- 
donnre o-O. M.D.S.: As above. 
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termination, is a question which must be decided by future 

experiences. i 

Change of climate, a sojourn in an elevated resort, and tire use 

of medicated and iodide baths not infrequently have a favour- 
able effect on subjective noises. In cases in which there is a 
co-existing intestinal disorder, the subjective noises are often 
markedly alleviated by drinking mineral waters containing salts, 
which have a purgative effect upon the bowels, 

A suitable diet, a regular life, the avoidance of bodily and 
mental exertion and loud noises (loud music, noise of a factory), 
and a limited use of alcoholic beverages and tobacco, have a 
decided beneficial influence on subjective noises. 


Tlie electric treatment of subjective sensations of sound will be discussed 
in following chapters. 

The so-called entotic noises must be difTcrentiated from subjective sensa- 
tions of hearing, inasmuch as the former are due to the objective perception 
of a noise arising in the ear itself, or in its immediate neighbourhood 
These are experienced as cracking noises in the cartilagino-mcmbranous 
portion of the IJustachian tube, brought about by a contraction or chronic 
spasm of the muscles of the tube itself, as mucous and rattling noises, and 
as ticking or humming sensations produced by the voluntary or involuntary 
contractions of the intrinsic muscles of the ear (p. 6.33). The vascular noises 
are the most common ; they arc caused by a dilatation of the arterial vessels 
in the tympanic cavity, or by changes in the carotid canal; or they are trans- 
mitted to the ear in valvular lesions, goitre, aneurisms of the arteries of the 
head, or of the external carotid (Alt), with a bmit clu diable, or with a dilatation 
of the vessels of the head supplying the ear. In the last case the noises, which 
are usually-of a blowing character and synchronous with the pulse, can be 
heard at all parts of the head by auscultation. Brandt was able, in one case 
in which objective vascular noises spread over the entire head after an injury, 
to effect a cure by ligating the deep temporal artery (IK. med. Bl., 1888). 
Goldflamm and Meyerson (}Vicn. med. Presse, 1895) reported a case in which 
a noise in the ear, caused by an angiosarcoma, could be heard objectively; 
Gomperz also reported a case in which the bruit took its origin from the veins 
of the neck, and could be heard objectively in the ear. 


The results of ligating the carotid artery in order to relieve 
entotic noises have, up to the present time, been rather unsatis- 
factory. Munch reported a case which was cured by this operative 
procedure (Z. /. 0., vol. xxxii.); Meyerson (Vers. d. deuisch. 
Naturf. u. Aevzie, 1895) and Grunert, however, reported cases 
(A. /. 0., vol. XXXV.) in which the noises returned after four hours 
and four months respectively. 


In a case of Linsmayer’s, the noises ceased only for a short time after 
hgation of the carotid artery; hemiplegia of the left side, with hemianopsia 
and dca,fness of the same side, ensued shortly thereafter, and five days later 
the patient died of pneumonia. The autopsy showed extensive softening of 
the right cerebral hemisphere, which had existed only a short time. 

, Electric Treatment of Functional Disturbances of the 
Internal Ear by means of the Constant Current.— In giving this 
treatment we generally use the galvanic current, which is obtained 
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from, a well-constructed electric switchboard or wall tablet. 
This is supplied with a rheostat with which we can regulate the 
strength of the current. In addition to this there is a galvano- 
meter and a commutator, by means of which one is able to 
reverse the direction of the current. This also alloAvs one to 
elicit the voltaic alternatives, which can he used for diagnostic 
and therapeutic purposes. 

There are three methods hj'^ which the current can be applied: 
(a) The internal application, in Avhich the external meatus is 
filled with a weak saline solution into which the electrode is 
inserted; (b) the external application, in which the moistened 
electrode is placed against the lobule or margin of the external 
auditory orifice; (c) galvanization by means of an electric probe 
introduced into the Eustachian tube. The author generally 
employs the second or external method, as the repeated intro- 
duction of fluid into the external meatus gives rise to an in- 
flammatory irritation. 

The action of the galvanic current on the auditory nerve 
depends principally on the intensity of the current (average 
I to 2 milliamperes), and on the susceptibility of the individual. 
In addition to these, however, many local conditions, such as 
abnormal dryness and moisture, hyperremia or ancemia of the 
parts, conditions obstructing the conduction of the waves of 
sound in the ear, as ceruminous, purulent, or fluid accumulations, 
and, furthermore, the state of the memhrana tympani and 
tympanic cavity, play an important part in this method of 
treatment, inasmuch as the current is greatly influenced by these 
obstacles. Finally, it must be borpe in mind that the irritability 
of the normal acoustic nerve varies within certain limits, according 
to the intelligence and comprehension of the patient. 

If the acoustic nerve reacts to the electric current, there is 
experienced a sensation of sound, which, however, varies in 
different individuals (ringing, whistling, hissing, etc.). Ihe 
electric dizziness, which occurs during galvanization of one ear, 
more often, however, when the current is conducted directly 
through the head, is produced by irritation of the vestibular 
apparatus in the labyrinth (electric vertigo, see p. 170). 

The following may be mentioned as symptoms accompanying 
electric irritation of the organ of hearing: Pain and burning 
sensation in the external meatus (trigeminal irritation), con- 
tractions of the muscles of the face (facial irritation), formica- 
tion, sensations of taste in the tongue, acts of swallowing, saliva- 
tion, and photopsia (irritation of the terminal filaments of the 
optic nerve). When these symptoms occur during galvanization 
of the ear, the electric current must be reduced immediately. 

According to Brenner, the normal auditorj’- nerve always reacts to the 
galvanic current, and even in a definite manner with sensations of sound, 
which regularly appear with a certain strength of the current, and which 
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have a fixed relation to its direction— that is, to its opening and closing. 
Tliese facts were employed by that author to establish the law for the electric 
reaction of the normal acoustic nerve. j • j. 

Brenner’s law is as follows: men the cathode (Ka) is introduced into 
the external meatus, a sensation of sound (K^) is produced at the closure ot 
the circuit (S), which lasts (D) during the closure, and ceases again at the 
opening (0). If the anode (A) is introduced into the meatus, no reaction is 
experienced either at the close or during the continuance of the closure of the 
circuit; but, upon opening, a weak sensation of sound is produced. 


Poliak and Gaertner {Naturforscherversammhmg, lioln, 1888), 
and at the same time Gradenigo {A.j. 0., vol. xxyi.), have shown 
that an acoustic reaction is seldom obtained with a current of 
medium intensity (to 6 milliampcres) in persons whose hearing 
is in a normal condition, while a sensation of sound is very often 
experienced with a similar current in individuals who have a 
pathological condition in their organ of hearing. Poliak and 
Gaertner furthermore demonstrated that in eases in which there 
is an exudative process in the ear (secretory forms of inflamma- 
tion), the power .of resistance to the current is lessened by the 
fluid, so that the auditory nerve can be made to react even with 
very weak currents (1-2 millianrpmes). They therefore con- 
cluded that the conditions within the ear have an important 
bearing on transmitting the current, and on the production of the 
electric sensation of sound. Gradenigo’s view differs in so far 
that he attributes the increased electrical reaction of the acoustic 
nerve to a heightened irritability induced by the pathological 
process. He agrees with v. Prankl-Hochwart that it is observed 
not only in catarrhs and inflammations of the middle ear, but 
also in otosclerosis, in endocranial diseases, and in other affec- 
tions of the acoustic nerve due to anatomical changes. 

Galvanization of the ear has also beeir recommended for 
diagnostic purposes in order to ascertain whether there is an 
increased (hyperaasthesia) or decreased (torpidity) irritability of 
the auditory nerve. The diagnosis of hypei’Eesthesia of the acoustic 
nerve is established when a reaction is obtained even with very 
weak currents; on the other hand, it may be concluded that there 
IS a toryjor'of the nerve if no subjective sensations of sound 
are elicited, notwithstanding the application of currents which 
are strong enough to produce contractions of the muscles supplied 
by the facial iierve. flhe hearing power has no bearing on the 
e ec ric irritability, as the latter may be present even if there is 
total deafness. 


Galvanization of the ear is carried out in such a manner that 
the anodeys used as the electrode for the ear, while the other 
e ectiode is applied to some other part of the body, as, for 

oi' fhe nape of the neck. To 
nritability of the auditory nerve, we employ a 
^ increasing constant current in order to ascertain the 
weakest euiient by which the nerve is made to react. Only 
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weak, gradually increasing currents should be used in the treat- 
ment of subjective noises. In addition to the method of treat- 
ment with open and closed currents, the voltaic alternative may 
also be used (repeated change of current) in some cases as a 
therapeutic measure (Benedikt, Wien. med. Presse, 1870). We 
cannot lay down any positive indications as to the method to 
be employed, as sometimes the voltaic alternatives prove 
effectual where the Open and closed circuit fails, and vice versa. 
In every case, therefore, the application of one or the other 
methods must be tried in order to see which proves most beneficial. 
Opinions of otologists vary as to the curative action of the 
galvanic current on the organ of hearing. J. Poliak is supposed 
to have seen striking results from galvanization of the auditory 
nerve, while other observers believe that it has no lasting influence 
upon the hearing and subjective noises. The author’s experience 
on this subject shows that permanent improvement in the hearing 
and complete removal of the subjective noises are obtained in 
only rare cases by the galvanic treatment; yet it not infrequently 
brings about a diminution in the intensity of the subjective 
sensations of sound and a marked improvement in the head 
symptoms (heaviness, pressure, dizziness, stupor) which so often 
accompany aural affections. Agreeing, however, with other 
observers, it must be stated that the galvanic treatment occa- 
sionally causes an aggravation of the symptoms, in that the 
subjective noises become more intense, and a marked general 
irritability is noticed in the patient, even after a few sittings. 


Injuries of the Internal Ear. 

Injuries of the internal ear arise either from direct or indirect 
violence. Under the former we must consider those in which 
a foreign body (sharp instruments, projectiles) enters the external 
meatus, and after penetrating the membrana tympani forces its 
way into the cavity of the labyrinth. 

Traumatic affections of the internal .ear due to indirect violence 
are of more frequent occurrence. They are divided into two 
groups. The first comprises injuries caused by the immediate 
action of violence upon the bones of the head, and by trans- 
mission of the shock to the internal ear. The second includes 
those concussions of the terminal filaments of the nerve produced 
by a sudden condensation of the air in the external meatus, or 
by the action of an intense sound upon the ear. 

The force applied to the cranial bones may injure the internal 
ear in two ways: (1) by extension of a cranial fissure to the 
petrous bone; (2) by transmission of a concussion to the labyrinth 
without actual injury to its capsule. 
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Following an injury of tlie skull, an osteomyelitis of the cranial hones may 
develop through infection, and thus produce an injury to the organ of hearing 
(Laurens, Schilling, Guisez*). 

Fissures of the petrous bone, complicated with injuries of the 
skull, are usually associated with fissures of the tympanic cavity 
and external auditory canal. For further details in reference to 
these injuries, which are combined with severe hismorrhages, 
discharge of serous fluid, tinnitus, dizziness, and deafness, the 
reader is referred to the chapter on Injuries of the Sound- 
Conducting Apparatus (p. 634). 

The following two cases observed by the author will serve as illustrations; 

The first case was that of a man, forty years of age, who had fallen upon 
his occiput, became totally deaf with symptoms of tinnitus, dizziness, and 
disturbances of equilibrium, and died seven weeks after the injury, with 
symptoms of meningitis. The autopsy showed a ragged fissure of the occipital 
bone, which extended through both labyrinths, and ended close to the inner 
wall of the tympanic cavity. The cavity of the left labyrinth was filled with 
a dark red mass resembling a coagulum of blood; the right lab5rrinth con- 
tained a purulent, broken-do\vn extravasate which had forced its way from 
here into the internal auditory meatus, and caused a fatal basilar meningitis. 
No sign of an injury was perceptible on the dura mater. 

In the second case observed by the authorf a tub containing mortar fell 
upon the head of a man twenty-one years of age while working in a building, 
whereupon he became senseless. It was fourteen days before consciousness 
returned; he was totally deaf, his gait was uncertain and staggering, and a 
right-sided facial paresis was noticed. In the fifth week after the injiiry 
symptoms of diffuse leptomeningitis arose, which caused a fatal termination 
after five days. The autopsy revealed a purulent meningitis and fissure of 
the base of the skull, which extended through both petrous bones as far as the 
inner wall of the tympanic cavity. The histological examination of the right 
ear showed that all the windings of the cochlea were filled with round sells 
and with a fine granular exudate, and that the utricle, ampullse, and semi- 
circular canals were also filled with masses of exudate (Fig. 291 ). The perilym- 
phatic space of the semicircular canals (e', c") was partly filled by the inflamma- 
tory swelling of the connective- tissue layer. In the left labyrinth a connective- 
tissue growth was found, which arose from the endosteum of both scalm of the 
cochlea, and which increased in size towards its axis. Corti’s organ was 
disorganized by the growth of epithelium. 

Hennebert reports cases of stab-wounds of the internal ear {Journ. de Med. 
el de Chir., 1892), having observed one with a fatal meningitis, and two with 
incurable deafness, Kayser (M. f. O., 1895) reported a case in which the 
labjTinth was undoubtedly injured, and in which the hearing Avas completely 
restored; Brieger {Klin. Beitrage, 1896) describes a case of injury to the 
lab5Tmth,^ with the discharge of perilymph, which was associated with dizzi- 
ness, tinnitus, and a high degree of deafness. 

During the last few years our methods of examination of the ear have been 
aupnented by the addition of X-ray radiographs. The author Avas himself 
able, by means of the X ray, to locate the seat of a revolver bullet in the 
temporal bone. Acc ording to Leidler and Schuller, J it is possible by proper 

* Arch, hit ernal. de laryng., d’ol., elrhin., part xxii.. No. 1. 
f .1 ' fdeniere scher Symptomencomplex in Folge traumatischer Lahryinihlasion 
{A.f. 0., vol. xl.). 

100.'^ ini Rdntgenhilde (Hamburger Atlanten, 

.Do); Leidler and Schuller, Demonstration. Silzungsber. der osterr. otol. Ges., 
March 30, 1908. 
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exposures to the X ray to distinguish a number of pathological changes in 
the temporal bone. Tor this purpose it is well to make exposures in the follow- 
ing three directions: 

1. Exposure through a frontal section, whereby the median plane of the 
head lies parallel to the photographic plate, and the Rontgen tube being 60 cm. 
from the plate, stands over the external auditory canal. In the second ex- 
posure, through a sagittal section, the oc'eiput lies on the plate, and the tube 
is over the face of the patient, so that the rays pass through the middle point 
of the line of communication betAveen the tAvo external auditory canals. These 
tAvo exposures serve as a survey by Avhich avc can tell the general relations of 
the base of the skull. In order to get a vieAv of the details of the temporal 
bone, the folloAving (third) exposure is the best: the head is tilted, Avhereby the 
head, Avith the auricle, rests against the plate, Avhile the X-ray tube is placed 
over the parietal eminence of the opposite side. On this radiograph one sees 
the triangular shadoAV of the petrous bone, bounded dorsally by the projection 
of the superior angle of the pyramid, and behind by the contour of a bright 
area Avhich corresponds to the sigmoid sinus. At the base of this bright area 
one sees the net-like demarcations of the mastoid cells Avell defined, Avhile A'en- 
trally one sees the boAV-shaped contour of the processus mastoideus aud the 
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incisuia jugularis. Within the dark sliadoAv of the pyramid tAVO circular light 
areas are distinguished, of AA'hich the larger corresponds to the external, the 
smaller to the internal meatus, and Avhich probably also take in the A’'estibu]e. 

The foIloAving pathological processes require a Rontgen examination: 
1, foreign bodies (projectiles); 2, injuries (fractures at base of skull); 3, mal- 
formations; 4, hyperostoses; and 5, destruction of tissue (tlrrough inflammatory 
processes, cholesteatoma, sequestra, or tumours). In the last mentioned it 
is especially important to ascertain their size and location, and, furthermore, 
to know Avhether they have extended to the dura of the middle or posterior 
ci'anial fossa (that is, to the sinus). By means of the X-ray examination one 
can usually ascertain the anatomical structure of the mastoid process, as it 
enables one to determine beforehand Avhether we are dealing Avith a pneumatic 
or diploetic bone, and, furthermore, it informs us as to the locatioii of the sig- 
moid sinus in a large number of cases. This method is also of value in aiding 
us to determine the pathological condition of the mastoid bone, particularly 
^^'Sss in Avhich the clinical diagnosis points to an abscess formation. 
M hen the plates sIioaa' a cloudiness of the cells or an obliteration of the intra- 
cellular elements, one may assume AAuth great probability that one is dealing 
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with a mastoid in which the tissue has broken down and has developed into a 
true mastoiditis. It is a fact that with the advance of X-ray therapy our 
methods of diagnosis have been greatly improved, and that the Rdntgen 
examination has proved- of value in mastoid work, yet one must not plaee too 
much reliance on such findings, as they are often unreliable and very mis- 
leading. If taken in conjunction with our clinical symptoms, the X-ray picture 
is frequently of great assistance in clearing up a doubtful diagnosis. In taking 
an X ray of a suspected unilateral mastoiditis, one must also take a picture of 
the other or healthy side, and by comparison note the presence of any patho- 
logical changes, as it is only by this means that one can at times come to a 
positive conclusion. The correct interpretation of the X-ray picture is often 
difficult, and is influenced by several important factors. In the first place, 
the structure of the bone itself has a direct bearing on the picture, as a hard 
ehonized hone will often cast a dense shadow, which may be mistaken for a 
destructive process and give a false impression that one is dealing with a true 
mastoid abscess. In the second place, an inflammatory swelling of the lining 
membrane of the mastoid cells, whereby the small cell spaces are more or less 
obliterated, with or without the presence of a serous exudate, often produces 
a cloudiness on the plate, and may also give one the impression of a mastoid 
abscess. It frequently happens that the X-ray picture reveals such a condition, 
whereupon the mastoid is opened and nothing found, and vice versa, we often 
see cases in which the X-ray plate allows us to assume that the bone is in a 
comparatively normal condition, and when opened we find to our astonishment 
a most extensive destructive process. One cannot decry the usefulness of 
X-ray examinations of the mastoid bone, but one must not lose sight of the 
fact that the clinical symptoms and our clinical experience are the main 
factors in establishing the diagnosis of mastoid disease, so that one should 
never rely on the X-ray findings alone. The radiograph taken in conjunction 
with our plinical symptoms does, in many cases, aid us in making the diagnosis 
of mastoid disease, and is in such instances of great value. 

From a large number of observations it has been found that 
after the action of great violence to the cranial bones a high 
degree of deafness, subjective noises, dizziness, and a staggering 
gait may also be produced without a fissure of the bone. Hie 
anatomical changes in the labyrinth in such cases are not known; 
still, it is probable that in many instances hsemorrhages (ecchy- 
moses) take place into the labyrinth, while in others a paralysis 
and irritation of the terminal filaments of the acoustic nerve 
are lirought about by the concussion alone. Such concussions 
of the auditory nerve apparatus terminate either in a permanent 
disturbance of hearing, with or without subjective noises, or in 
recovery. 

1 reported by Schubert (.4. /. 0., vol. xxx.) of concussion of the 

abyriiilii from a fall on_ the head, recovery ^ensued at the end of thirty daj's 
Ustmann {Deutsche miliL arzll. Zeilschr., 1896) also saw complete recovery 
lollow strychnine injections in a case of concussion of the labyrinth accom- 
paniccl by a liigh degree of deafness, after a fall against the edge of a bed. 

e 10 {Jiev. mens, de laryng., 1886) reports a case in which unconsciousness, 
lollowed b 3 ' loss of hearing and speech, developed from a blow on the occiput, 
and in winch recover}^ took place after the affection had lasted nearly one year, 
bchwartze vol. ii.) saw a temporary disturbance of hearing follow 

' le operative removal of exostoses from the external meatus (concussion of 
tJie head). According to Gradenigo {Ilaug's Vorlrage, 1890), even slight con- 
cussions of the head are sufficient to produce a hystero-traumatic disturbance 
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of Clearing. Concussions of the head have a deleterious effect in those cases 
in which an aural affection associated with disturbance of hearing has already 
existed, as even very slight shocks suffice to bring about an aggravation of the 
latter. 

Blau (A. f. 0., vol. XV.) reports the case of a man, twenty-seven years of 
age, who had been deaf in his right ear since childhood, owing to an aural 
affection acquired during an attack of measles, and who became totally deaf 
in his left ear within two hours after a violent blow on the top of the head, 
with symptoms of roaring noises in the head, ringing of bells, staggering gait, 
and vomiting. After the administration of potassium iodide and purgatives, 
the symptoms disappeared, and the patient regained his former power of hear- 
ing within three rveeks. Barnick {Archivfiir Olirenheilk., vol. xliii.) reports 
four cases of fracture at the base of the skull, in which the labyrinthine 
capsule was not affected. In these cases haemorrhages were found in the 
perilymphatic spaces, in the acoustic nerve and in its branches. Lange 
{Archiv f. Ohrenlieilk., vol. liii.) reports a case of fracture of the base of the 
skull, in which the auditory nerve in the internal meatus Avas torn Avithout 
an injury to the labyrinthine capsule.* 

We must add here the permanent paralyses of the acoustic nerve, Avhich 
haA'e been described as a part of a general traumatic neurosis folloAving rail- 
road accidents (raihvay spine) (Buss, Baginsky). In five cases of this nature 
Baginsky found a diminished perception for the higher tones of the tuning- 
fork, and a positiA’^e Rinne, Avith an intact sound-conducting apparatus. 

Concussions of the terminal filaments of the acoustic nerve 
are brought about by the sudden condensation of the air in the 
external meatus, or by the action of intense noises in the imme- 
diate neighbourhood of the ear; the former are most frequently 
caused by a blow on the ear (box On the ear), while the latter are 
produced by violent detonations (cannon, pistol, or gun shots, 
locomotive whistles, etc.). In cases in which the condensation 
of the air in the meatus is due to a box on the ear, the concussion 
of the labyrinth is much more intense in those instances in which 
the membrana tympani remains intact, because the entire force 
of the blow is transmitted by the foot-plate of the stapes to the 
labyrinth; in those cases, however, in which the membrane is 
ruptured, the greater portion of the active force is expended in 
causing the rupture. The same applies to concussions of the 
labyrinth Avhich are caused by detonations, and Avhich are not 
complicated with a rupture of the membrana tympani. 

Wittmaack reported interesting anatomical changes in the lab3winth Avhich 
Avere brought about by the action of violent sounds. From his investigations 
the folloAving may be gathered; The action of a severe sound (bell signals) 
alone, if conducted tlirough the air, and not in the immediate vicinity of the 
ear, and even if continued for a long time, does not cause any injury to the 
organ of hearing. On the other hand, marked disturbances are brought about 
when the sound is conducted through the cranial bones. Extensive changes 
in the auditorj' nerve, in its ganglion cells, and in the cells of Corti’s organ, are 
then found. Sudden loud noises (tones of a whistle), acting directly upon 
the ear, also cause marked injury to the cells of Corti’s organ and to the 
nerA^e itself. 


* Injuries of the organ of hearing have been thoroughly reviewed by 
PassoAv (Monographic, Wiesbaden, 1905). 
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The symptoms of concussion of the labyrinth vary according 
to the intensity of the condensation of air in the external canal, 
and to the violence of the sound. Detonations in the immediate 
vicinity of the ear and in closed spaces, as, for instance, in 
covered shooting-galleries, prove especially injurious. Miiller 
{Zaitsch. Jiir Ohrenheilh, vol. xxiv.) found in forty-eight artillery- 
men that only the organs of hearing which had already been in 
a diseased condition were inju?’ed by the detonations of the 
cannon. 

In the slighter forms of labyrinthine concussion there is a 
moderate degree of deafness (a feeling of fulness in the ear), 
combined with a subjective buM, which again disappears after 
several hours or days. In more severe concussions, on the 
other hand, a high degree of hardness of hearing comes on 
immediately, accompanied by marked subjective noises, a feeling 
of tightness in the head, and dizziness. As a rule, a diminution 
in the subjective symptoms takes place within a few days, but 
the hearing does not show a simultaneous improvement. There 
is almost always a marked hypersesthesia acustica and the sensa- 
tion of a shrill, metallic sound accompanying the perception for 
objective noises. 

The perception through the cranial bones is either diminished 
or entirely lost, according to the degree of disturbance of hear- 
ing, The tone of a tuning-fork placed on the vertex is always 
lateralized towards the normal ear. The result of the hearing 
test taken in conjunction with the cause of the affection and the 
normal condition of the membrane allows one to make the 
diagnosis of concussion of the labyrinth, and especially so if, 
with deafness of a high degree, Binne’s test is positive, and the 
duration of perception for the tone of the tuning-fork through 
the cranial bones is shortened (Schwabacb). 

Disturbances of heaving in coirsequence of slight concussions 
of the labyrinth generally disappear within a few days or after 
several weeks. Sometimes a constant ringing or buzzing in the 
ear remains after the return of the normal hearing function. 
Severe concussions of the labyrinth due to detonations are 
usually followed by permanent and marked disturbances of 
hearing, so that single or a group of tones are no longer able 
to be perceived ; a total loss of the hearing power is less frequently 
observed. The latter may, however, develop progressively from 
a deafness which was only slight at the beginning.* 

The vestibular symptoms developing after injurj^ to the lab\T:inth have 
been recently studied by Rliese, Friedrich, and Barany. The last-mentioned 
author distinguishes (1) cases with complete destruction of the cochlear and 


* The treatment of concussions of the labyrinth is the same as that of 
paralysis of the acoustic nerve (vide the chapter on Neuroses of the Acoustic 
Appar.\lns. p 630). 



7i6 


DISEASES OF THE EAR 


vestibular apparatus following a fracture of the pyramid; (2) cases in which 
the irritability of the vestibular apparatus is preserved, and there are attachs 
of dizziness. In such cases the hearing may be more or less impaired; still, 
cases are met with in which the hearing power is normal or almost so (Rhese, 
Zeitschr. f. Olirenheilk., vol. 1.). The attacks of dizziness appear especially 
when the head is rapidly rotated, when bending over, and during physical 
exertion; they may also come on without any external causes, and are always 
accompanied by a rotatory nystagmus towards the healthy side. The symp- 
toms often last for years, and incapacitate the patient for work, especially u 
there is a co-existing traumatic neurosis. In young persons the symptoms of 
labyrinthine concussion disappear more rapidly. 

It has already been mentioned (p. 174) that certain occupations (locksmiths, 
coopers, tinsmiths) in which continuous noises act upon the ear cause irritation 
and paralysis of the auditory nerve. Maljutin observed analogous disturbance 
of hearing in weavers. Gottstcin and ICayser (Brest, drzll. Zeitschr., 1881) 
and Thomas Barr very rarely found a normal condition of the hearing among 
lock- and blacksmiths, but very often found a marked diminution or entuc 
absence of perception through the cranial bones. Habcrmann (A. j. 0., 
vols. XXX. and Ixix, and Deulscher Olologentag, 190G) observed in coppersmiths) 
an atrophic condition of the auditory nerve and a partial disappearance of 
Corti’s organ, which were limited mostly to the inner part of the base and the 
vestibular part of the cochlea. Briihl (Zeitschr. f. Ohrenheilh., vol. In.) 
found a similar condition in a coppersmith whom he had under observation 
during lifetime. In affections of the ear induced by the various trades, the 
results of the tuning-fork tests are characteristic of a primary diseased con- 
dition of the nerve; the perception through the cranial bones is greatly dimin- 
ished, and Rinne’s test positive; furthermore, there is a defect in tiie per- 
ception for the upper range of the scale, as well as for the tones of Galton s 
whistle. In half of the cases there are subjective noises. The disturbance 
of hearing is progressive, and often continues so, in spite of the fact that the 
patients avoid harmful noises and give up their occupations (Kahn, Die Geiveroe 
und Berufskrankheiten des Ohres. Hmig's Vorlrdge, Jena, 1898). 

The disturbances of hearing produced by the continuous use of the telephone 
must be reckoned among thfe anomalies of hearing brought about by the 
action of sound. Blake of Boston* * * § was the first to call attention to this fact, 
and later Lannois,t Gelid, J and others. The first observations were made on 
individuals who had an affection of the ear, which was aggravated by the 
continuous use of the telephone.§ Owing to the increased employment of the 
telephone, a great many more aural affections are now observed in persons 
whose hearing was formerly normal. The most frequent symptoms are. 
hypermsthesia acustica, subjective sensations of sound, a feeling of pressure 
and tightness in the head, and a progressive diminution in the acuteness oi 
hearing. It is probable that the disturbances of hearing and nervous 
symptoms are induced by the intense cracking noise of the switchboard, which 
is often experienced in making the connection. In 26 per cent, of 37 1 telephone 
operators with normal hearing examined by the author, there was a retraction 
of the membrana tympani in the ear used in telephoning. 

Signal Deafness in Railway Employes. -^In the year 1857, Duchesne 

of Paris was the first to call attention to the frequent occurrence of deafness 


* Influence of the Use of the Teleplione upon the Hearing Power (reprint 
from the Archives of Otology, vol. xvii.. No. 3, 1888). 

t Annates des maladies de Voreille, 1889. 

% Soc. de Biologie, 

§ Cp. the recent observations of J. Tommasi, Le tesioni professionalie 
iraumatiche nett’ orechio (Atti del VII. Congresso della Societa ital. di Laryiig., 
d’ Otol. e di Rinol., 1903), Napoli, 1904; Briihl, Die Berufskrankheiten des 
Ohres (Zeitschr. f. drztl. Forlbild., 1904). 
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and subjective noises in those employed on locomotives. Zwaardemaker 
{Z. f. 0., 1895) deserves the credit of having given us a complete review of 
aural affections in engine-drivers and stokers. 

Moos, Biirltner, and others, believe that the aural affections in those 
employed on locomotives are due to the severe, continuous ’shaking, the 
persistent straining of the ears, the sharp currents of air, and the continuous 
irritation of the nasal and pharyngeal mucous membrane due to the inhalation 
of the injurious' gases escaping from the locomotive. In the great majority of 
cases, otosclerosis, less often chronic labyrinthine affections, was found to be 
the cause of the hardness of hearing.* In selecting individuals for active 
railroad service, a normal hearing is an absolute necessity, because this occupa- 
tion in itself brings about disturbances in hearing within a few years. If men 
are taken whose hearing is somewhat impaired, the affection soon shows a 
tendenej' to become aggravated. 

Owing to the great danger which arises from the progressive deafness so 
often observed in engine-drivers and stokers, and to ensure the safety of the 
passengers, Moos, Schwabach, and Pollnow proposed that the companies 
should have the ears of their employds thoroughly examined by specialists at 
fixed intervals (under the term ‘ employes ’ Biirlmer and Burckhardt-Merian 
include switchmen, brakesmen, signalmen, and guards). Moos {Z. f. 0., 
vol. xi. ) later proposed that, by a careful examination of the ears of the em- 
ployds of railroads, a limit of the acuteness of hearing should be established, 
which ensures the safety of the passengers. As many disturbances of hearing 
develop only during the time of service, such examinations would seem of 
value, in the author’s opinion, only if repeated at regular fixed intervals. It 
is gratifying to notice that most of the companies have adopted this proposi- 
tion.f In the periodical examinations, as well as in the examination of new 
applicants, the main attention must be paid to the hearing tests, irrespective 
of the conditions found by the otoscopic examination. In addition to this, 
we must see whether there are any disturbances in equilibrium and nystagmus, 
as these should debar the individual from railroad service. 

A _ concussion of the labyrinth can be determined from a 
uiedico-legal standpoint only in those cases in which there is 
a fissure of the temporal bone which extends to the external 
meatus, and in which an injury of the labyrinth can be estab- 
. lishecl from the discharge of cerebro-spinal fluid or from the 
complete deafness and the absence of percei^tion through the 
cmmal bones. Those concussions of the internal ear produced 
either by direct yiolence to the head or by detonations, in which 
the external meatus and membrana tympani present a normal 
appearance, are absolutely incapable of being judged from a 
medico-legal standpoint. The reasons for this are: (1) It cannot 

pP- Revue intern, de Rhinologie, Olologie, etc., 1897; Kernel 

1 rn T ’ Herzenstein, Realencyklopddie, vol. vii., pp. 162- 

169; Jtmkau, Hygiene des Ohres, Miinckeu, 1895, p. 97 ; Gordon, Hygiene des 
Ulires, St. Petersburg, 1895; PoUnow» Archivf. Ohrenheilk., vol. xvi.; Wiehe, 
Ltaug.-Diss., Gottingen, 1893; Schwabach, Zeitsclir. f. Ohrenheilk., vol. x.; 

Archivf. Ohrenheilk., vol. lix. 

t E. de Rossi deserves the credit of having collected the opinions of a large 
number of specialists on this subject, and also of having published the require- 
nients of the various railroad companies [Ftinctional Examinations of the Ears 
of Ranroad Employes, Rome, 1898). Gordon, Die Erkrankungen des Gehoror- 
gans der Exsenhahnbediensteten; Ferruccio Putelli, SulV esame ddV udito nci 
fcrrovtcri {Arch. ilal. di olol., etc., vol. xviii.). 
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be positively proved that the paralysis ot the auditory nerve 
is due to the presumed injury; and (2) even if the traumatic 
violence has been established, it cannot be positively deter- 
mined whether the paralysis of the acoustic nerve has not 
existed prior to the time of the injury. 

In considering disturbances of the vestibular apparatus from a medico-legal 
standpoint, we must consider mainly, according to Baranj’’, the spontaneous 
nystagmus, the nystagmus (dizziness) produced by movements of the head, 
and the rolling of the eyes in an opposite direetion. If those disturbances aro 
at hand, the presence of the dizziness can be established with certainty. If 
the injured person can prove that he did not suffer from dizziness prior to the 
injurj', then it can bo assumed that the dizziness elicited by the examination 
is due to the injury. 


Cerebral Disturbances of Hearing. 

Affections of the brain and its coverings are more often asso- 
ciated with disturbances of hearing than is. generally supposed. 
It is only in recent years that interest has been aroused in this 
subject, yet the number of cases carefully examined clinically, 
in which the disturbances of hearing have been observed and 
followed from the very beginning, is yet too small to form the 
basis of a pathology of cerebral disturbances of hearing. It 
must be stated here that the clinical observations do not agree 
in many respects with the results of experiments on animals, 
as reported by many well-known investigators. 

Cerebral disturbances of hearing are produced either by affec- 
tions of the acoustic centre, by extension of the pathological' 
process from the brain and its coverings to the nuclei, roots, or 
origin of the auditory nerve, or, finally, by transmission of the 
pathological process from the cranial cavity to the labyrinth. 

Disturbances of hearing are occasioned by a number of diseases 
of the brain, of which the following are the most important: 
Hsemorrhages, emboli, softening of the brain due to embolism, 
encephalitis, chronic sclerosis, acute and chronic hydrocephalus, 
gummatous and tubercular lesions, and new groAvths in the 
brain itself and at the base of the skull. 

According to clinical experience based on fost-morlem ex- 
aminations, the degree of disturbance of hearing depends less on 
the extent than on the seat of the disease. Diffuse pathological 
processes in the brain (abscesses, haemorrhages, new growths) 
not infrequently run their course without any disturbances of 
hearing; while, on the other hand, the latter are well developed 
in pathological changes involving only a small area if these affect 
the acoustic, cortical centres in the temporal lobes, their com- 
munications with the acoustic nuclei, the acoustic nuclei them- 
selves, and the roots of the acoustic nerves. 

Disturbances of hearing in consequence of apoplexy are, on 
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the whole, rare. Subjective noises a,re often observed as a 
premonitory symptom of an apoplectic attack. According to 
Moos, severe disturbances of hearing are produced most fre- 
quently by haimorrhages into the pons and cerebellum. Crossed 
cortical deafness, which is observed in affections of the cerebral 
hemispheres, allows us to assume that the first convolution of the 
temporal lobe of each side is in relation with the ear of the 
opposite side. The fact which has been established clinically, 
however, that in unilateral affections the crossed deafness some- 
times disappears again, shows that each acoustic nerve is in 
communication with both temporal lobes. 

Kaufmaim {Berl. klin. Wochenschr., 1886) observed a case of crossed cerebral 
deafness of the left ear in which the right cerebral hemisphere had become 
softened owing to an obliteration of the arteria fossre Sylvii. Wernicke and 
Friedlander report a case of bilateral, total deafness associated with temporary 
aphasia, in consequence of a symmetrical, gummatous deposit in the region 
of the corona radiata of both temporal lobes. Further communications in 
reference to complete deafness, as a result of bilateral affections of the temporal 
lobes, have been published by Pick, Anton, Broadbent, Shaw,vBanks, Mills, 
and others. 

Acute hydrocephalus is more often the cause of marked 
disturbances of hearing. The inflammatory changes on the 
floor of the fourth ventricle which accompany this affection, lead 
to softening and atrophy of the auditory nuclei. That the 
anatomical changes which take place in these nuclei during the 
course of acute hydrocephalus may recede is shown by the cases 
in which total deafness (also blindness) arising during the course 
of the disease again disappears entirely after the process has 
subsided. Acute and chronic internal hydrocephalus often leave 
permanent bilateral deafness and deaf-mutism. Meyer (Virch. 
Arch., vol. xiv.) found, in an individual whose hearing had been 
normal and who had become deaf, nodular and irregular thicken- 
ings of the ependyma of the fourth ventricle, with a disappearance 
of the striae acusticse and destruction of origins of the acoustic 
nerve, as the result of a fatal ependymitis. In the chronic forms 
of hydrocephalus the deafness is caused by the basilar meningitis 
which often accompanies it, and is associated with a consecutive 
neuritis asceudens, and by pressure atrophy of the acoustic root 
and nucleus. 

Tlic author had occasion to examine a young man who, with symptoms 
of liydroceplialus, became paralyzed in all his extremities during the course 
of a number of years; the patient also became totally blind and deaf, and 
died from general marasmus. The autopsy revealed a growth (osteosarcoma) 
arising from the sella turcica, ly’-drocephalus, dilatation of the ventricles, 
atrophy of the cerebral substance, marked thinning of the cranial bones, the 
origin of the optic nerve flattened, but no changes in the bulbus oculi itself, 
and the internal auditory canal widened to three times its original size. The 
acoustic, together with the facial, nerve was represented by a thin, thread- 

ike nerve bundle; the jpeipbraqa tyjnpani was thickened and adherent to 
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the inner tympanic Avail by means of firm, connective-tissue adhesions; the 
ossicles Avere moved Avith difficulty, and abundant accumulations of amorphous 
pigment Avcre present in the cochlea. 

Word-Deafness. — In opposition to the deafness for every kind 
of sound Avhich is occasioned by a lesion in the cortical centre of 
hearing, pathological conditions are known in which the power 
of hearing is retained, but in which the comprehension for the 
different forms of sound — as speech and tones — has become 
impaired. In a number of cases reported by Wernicke, Kahler and 
Pick, Broadbent, and others, in which the 'post-mortem examina- 
tion revealed marked changes in the left temporal lobe (seat of 
encephalitis, embolic softening, compression of the temporal 
lobe by an exudate owing to limmorrhagic pachymeningitis, 
tubercle of the brain), it Avas observed that during the life of 
the patients they Avere not able to understand speech, although 
a thorough functional examination of their organs of hearing 
demonstrated that they could j)erceiAm sounds, -dhis fact led 
Wernicke to belieAm that the sensory centre for hearing lies in 
the cortex of the left temporal lobe, Avhere the‘ irritations trans- 
mitted from the auditory nerve are formed into images of sound 
or into acoustic Avord-pictures. ■ After the loss of this centre — 
in cases in Avhich the auditory apparatus and acoustic nerve are 
othei'Avise normal — sound may still be perceived, but Avords 
cannot be comprehended; this condition is termed ‘ sensory 
aphasia’ by Wernicke (1874), and ‘ Avord-deafness ’ by Kuss- 
maul.* According to Wernicke, sensory aphasia is localized in 
the posterior third of the left gyrus of the superior temporal lobe; 
still, some, supported by the conditions found fit post-mortem 
examinations, think that the superior portion of the middle 
convolutions of the temporal lobe should also be added to the 
so-called acoustic centre for speech. Wernicke’s opinion has 
been mainly supported by the researches of Kahler and Pick, 
Kussmaul, Huguenin, Fritsch, N. Weiss, Drozda, and others- (in 
all about eighty cases). The clinical observations, however, that 
the comprehension for sound may be regained after destruction 
of the temporal lobe does not point to a sharply-defined, acoustic, 
cortical centre, but rather suggests that there must be other 
groups of ganglion cells in the cortex of the brain which assist in 
the power of hearing, and through Avhich the patients again 
learn to hear after the loss of the true hearing centre. f 

Disturbances of hearing due to some local lesion in the brain 

* It is interesting to read in Kussmaul’s Storungen der Spraclie (Leipzig, 
1877) an account of Professor Dr. Lordat, avLo, after his recovery from a long- 
standing aphasia, stated that during the time of the affection Avords Avere 
unintelligible to him, and that he Avas not able to understand anything printed 
or AATitten. 

t The observation of Westphal, Avhich has been confirmed, is AV'orthy of 
note; he states that in cases in AA'hich Wernicke’s centre Avas destroyed, and in 
Avhich no Avord-deafness resAilted, the individuals Avere found to be left-handed. 
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manifest themselves in a great variety of forms. Some patients 
hear the words spoken to them, but are unable to repeat them. 
Others have completely lost the memory for certain things 
(amnestic aphasia), or they do not call objects by their proper 
names. Others, again, designate everything set before them by 
the same term, as, for instance, they may continually use the 
word ‘ key ’ (monophasia). In like manner it is found that they 
are unable to write the words they hear, or the names of objects 
set before them (amnestic agraphia). 

A case observed and examined posl-mortem by Finkenbach shows that 
word-deafness may also arise without changes in the temporal lobe. The 
claustrum, which is in intimate communication with the cortex of the 
temporal lobe, the lenticular nucleus, and the superior and middle convolutions 
of the frontal lobe, were found to have undergone a pathological softening. In 
a case of Colley’s (in Castex, B^dl. de laryngol., olol., ete., 1900) of left-sided 
deafness, hemianopsia, and hemianassthesia, the j)ost-7norlem examination 
showed softening of the internal capsule and of the lenticular nucleus. The 
author observed a case of aphasia in which the cerebral hemispheres were 
intact, but in which a diffuse abscess occupied both halves of the cerebellum. 
Urbantschitsch saw temporary aphasia accompanying an extradural abscess 
of the posterior cranial fossa. In this case the aphasia was no doubt due to an 
increased endocranial pressure (indirect action). 

The total deafness which is associated with aphasia may recede entirely, 
while the aphasia may continue, as was observed in a case reported by 
Hollander. 

Nothnagol considers it probable that the conditions found in these cases 
are analogous to those observed in the eye. The disturbances of hearing must 
therefore be distinguished: First, simple cortical deafness; second, mental 
deafness in which the patient cannot interpret any impressions of sound — ^that 
is, ho is not only unable to comprehend words spoken to him, but also the 
ripple of a brook, the barking of dogs, the sound of a horse’s hoofs, etc. ; third, 
true word-deafness in which the patient possesses the ability to understand all 
sensations of hearing, but cannot form sound-images. 

Ruinpf {Die syphililische ErlcranJcung des Centralnervensystems, Wiesbaden, 
1887) emphasizes the fact that word-deafness is not infrequently the 
result of a syphilitic affection of the brain; he also shows that it may 
be produced by ^mmatous affections of the cortex, as well as by the 
formation of syphilomata in the corona radiata, and that it is, as a rule, 
associated with hemiplegia. Transitory word-deafness of short duration may 
also arise, according to Kahler and Pick, from embolism of the arteria fossae 
Sylvii, if the embolus produces considerable circulatory disturbances in the 
cortex of the temporal lobe. 

Deafness for musical tones (called ‘ amusia ’ by Knoblauch) 
has been less often observed than word-deafness. It becomes 
apparent in different forms, as absolute deafness for tones, as 
false interpretations of the same, as musical amnesia, agraphia, 
alexia, and paralexia. Of all these, auditory tone-deafness, 
which corresponds to Wernicke-Kussmaul’s word-deafness, is 
the most common form. It consists, namely, in that persons 
in whom it has been found that the hearing for tones and noises 
is^ retained, and who possess a good perception for rhythm and 
pitch, have entirely lost the interpretation of melodies 

46 
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(Alt).* From the few cases examined ‘post-moriem by Dejerine, 
Edgreen, Bernard, and others, it was found that tone-deafness is 
produced by a lesion of the first and second convolutions of the left 
temporal lobe. According to Monakow,t tone-deafness is brought 
about by a bilateral affection of the first convolution of the 
temporal lobes. It may bo combined with word-deafness; it 
may be present, however, without the latter, or it may be far 
less pronounced. In the majority of cases, the musical aphasia 
was associated with disturbances of hearing, which were regarded 
as the sequelae of a simultaneous diseased condition of the brain 
and laljyrinth (syphilis, meningitis). 

Disturbances of Hearing due to Brain Tumours.- — Of all the 
cerebral diseases, tumours are most frequently combined with 
disturbances of hearing. Such disorders of the ear may be 
produced by pressure, pulling, separation, or disorganization of 
the central course or origin of the auditory nerve. J It has been 
especially noticed that new growths in the posterior cranial fossa, 
arising from the cerebellum, pons, dura and pia mater, as well 
as those growing from the brain itself to the base of the skull, 
give rise to pressure paralysis of the auditory nerve. Ihe 
sarcoma, myxoma, glioma, carcinoma, and gumma have been 
found to be most frequently — the psammoma and cholesteatoma 
less often — the cause of cerebral disturbances of hearing. 

According to Moos, the increased intracranial pressure produced by a 
tumour can bring about disturbances of hearing by indirect action upon the 
nerve root. Chronic basilar meningitis, which nearly always exists with brain 
tumours, and the ascending neuritis acustica'produced thereby, are also often 
the cause of disturbances of hearing. 

The statistics of Calmeil {Did. de med., vol. xi.) show that there are disturb- 
ances of hearing in one-ninth of all cases of brain tumours; Lebert {Vircli. 
Arch., vol. iii.), in about 20 per cent.; and Ladamo, 17 times in 175 cases; 
these figures, however, hardly represent the true proportion, as unilateral 
deafness is very often overlooked by clinicians, and, furthermore, because 
in the majority of cases it is not ascertained whether the disturbance of hearing 
is not due to an altered condition of the sound-conducting apparatus existing 
at the same time. It is worthy of note, however, from Ladame’s compilation, 
that tumours of the pons are most often accompanied by disturbances of 
hearing, while growths in the parietal and occipital lobes and in the fourth 
ventricle do not cause any deafness. 

From a large number of observations it has been noticed that tumours in 
the region of the corpora quadrigemina and tegmen, produce disturbances of 
hearing in the ear of the opposite side (Weinland, Ilberg, Nothnagel, Hoppe, 
and others). Siebenmann {Deiilsche Ol. Ges., 1896), who examined 59 cases 
of tumour in the region of the corpora quadrigemina and of the tegmen, found 
disturbances of hearing 11 times; these were always bilateral and combined 
with paralysis of other nerves. Weinland [Arch. /. Psych., vol. xxvi.) has 


* Uber Melodimtaiibheit und musikalisches Falschdren, Leipzig and Vienna, 
1906, Franz Deuticke. 

t C. V. Monakow' ‘ Gehirnpathologie,’ in N olhnageV s spec. Pathologic «. 
Thcrapie, vol. ix.. Part I., Wien, 1897. 

+ Gomperz, Arch. f. Ohrenheilk., vol. xxx 
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reported in his collection of 19 cases of tumour of the corpora quadrigemiiia, 
disturbances of hearing 11 times, of Avhich 6 were bilateral and 4 crossed. 
Monakow {loc. cit.) is of the opinion that the disturbance m hearing m these 
cases was due to an indirect action on the acoustic nerve and on the inferior 
lemniscus. A few observations have been recorded by Rosenthal and 
berg in reference to eollateral disturbances of hearing in isolated lesions of the 
pons. The disturbances of hearing whicli arose in the ear of the same side or 
in the opposite one in cases of isolated affections of the cerebellum, were attrib- 
uted to pressure upon the tegnien, upon the inferior corpora quadrigemina 
of the medulla oblongata, or upon tire auditory nerve. In these cases it was 
noticed that the loss of hearing appeared early. Fera {Arch. ital. de ololog., 
vol. ix), Druault (Ann. de nutl. de Voreille, etc., 1898), Gray (Intern. Otol. 
Congress, London, 1899), and Silva (Boll, della Soc. nied. chir. di Twino, 
1897), have reported interesting observations in reference to tumours (sar- 
coma and glioma) at the base of the skull, which were associated with 
disturbances of hearing and paralysis of the cranial nerves (paralysis of the 
recurrent laryngeal nerve, hemiplegia, blindness). A. A. Grey (Revue 
hebdomad., 1899, No. 39, ref. Arch. f. Ohrenheilh., vol. xlix., p. 274) reports 
a case of gliosarcoma of the medulla oblongata which was confined to the 
left side, and which produced left-sided deafness, dizziness, paralysis of the 
left side of the body, palate, and the left vocal cord, and also a right-sided 
hyperaisthesia. 

The symptoms of lesions of the acoustic nerve and of its 
central course produced by tumours of the brain are: Subjective 
noises, dizziness, nystagmus, and hardness of hearing of a varying 
degree up to total deafness, in consequence of which the sub- 
jective noises generally disappear. In the majority of cases the 
disturbance of hearing is unilateral; still, cases are not infre- 
quently met with in which bilateral deafness develops from 
pressure upon the opposite side of the brain, or from extension of 
the growth to the other side. According to Barany, in cases of 
tumour at the base of the brain in the posterior cranial fossa, an 
impaired irritability of the vestibular apparatus, associated with 
severe dizziness (by injection of cold water into the external 
meatus) and a nystagmus to the diseased side, arise early in the 
disease — symptoms which considerably aid the diagnosis of 
tumour at the base of the brain if, at the same time, the membrana 
t3'’inpani has a normal appearance. All tumours of the posterior 
cranial fossa show the early development of choked disc. 

If the tumours at the base of the brain continue to grow, they 
produce ppssure paralyses at the base of the brain, which 
especially involve the facial, trigeminus, and abducens nerves, 
bometimes paralyses of the extremities also arise, which are 
usuallj^ on the opposite side to the tumour. Pressure on the 
pons pioduces paralj'^sis of the muscles of the eyes towards the 
diseased side, while pressure on the medulla oblongata brings 
about anarthria, disturbances in swallowing, etc. A slow pulse 
IS frequently met with. Small tumours at the base of the brain 
0 en bring about severer disturbances than large tumours in 
t le substance of the cerebellum itself. In such cases there are 
often, with the exception of the headache, choked disc, dizziness 
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with nystagmus, and a rigidity of the head, no objective dis- 
turbances of any kind. It is only in the later stage that a 
unilateral ataxia of the extremities, a cerebellar gait, and pres- 
sure symptoms arising from the pons and medulla oblongata are 
observed.* 

Two cases must be mentioned here wMch were observed by the author. 
The first was that of a man, twenty- four years of age, who suffered from head- 
aches since childhood, and in whom, after a gradual diminution in the hearing 
in the right oar, there developed vomiting and weakness in the field of vision, 
which Avere soon followed by a right-sided facial paralysis, dizziness, and 
tinnitus; in the last stage of the affection there were unconsciousness and 
stupor, disturbances in mobility of the upper extremities, gradual blindness, 
and exophthalmos. Hearing for speech =0. All tuning-forks placed on the 
vortex Avere percewed only in the left ear. Death ensued Avith symptoms of 
a general paralysis. The autopsy shoAved that the ventricles were distended 
to double their size, and that the right cerebellar hemisphere Avas occupied by 
a cyst the size of a goose’s egg, the contents of Avhich consisted of an aqueous 
serum. In a second case, Avith a similar elinical course, and in Avhich sudden 
total right-sided deafness developed two months before death, there Avas found 
in the enlarged right half of the cerebellum, a eystie tumour the size of a man’s 
fist, AAdAich AA'as filled Avith a broAvn fiuid, and Avhich proved to be a sarcoma. 

Burckhardt-Merian {A. /. 0., vol. xiii.) found a fibrosarcoma of the dura 
mater in a man sixty-six years old, Avho had become deaf OAving to an otorrhcea 
acquired during an attack of typhoid fever. -This growth originated above 
the place of union of the inferior petrosal sinus and the sinus of the internal 
jugular A’^ein, and divided here into tAVO branches ; the one entered the vestibule 
as a round band through the enlarged aquseductus cochlese, Avliile the other ran 
under the floor of the internal auditory canal to the adventitia of the carotid, 
partially encircling the necrosed cochlea. Field reports a case of sarcoma the 
size of an orange on the posterior surface of the petrous bone and in the in- 
ternal auditory canal, Avhich arose from the dura mater and destroyed the 
acoustic nerve. Moos (A.f. A. u. 0., vol. iv.) describes the case of a Avoman, 
fort3^-seven years of age, Avho had a sudden anaisthesia of the left side of the 
face, AA^eakness of vision in the left eye, lachrymation, ptosis, headache, vertigo, 
and deafness, and Avho died one year later Avith, symptoms of asphyxia. The 
examination revealed on the outer side of the ieft internal auditory canal a 
round, spindle-celled sarcoma the size of a Avalnut, into Avhich the auditory 
nerAm could be traced only for a short distance. The groAAdh Avas connected 
Avith the crura cerebelli, and pushed the medulla oblongata over toAvards the 
right side. A second, uneven tumour the size of a pea Avas found in the internal 
auditory canal, AA''hich Avas considerably dilated. The cranial nerves, the 
cerA'^ical and dorsal portions of^the spinal cord, and the terminal filaments of 
the acoustic nerve in the labyrinth had all undergone degeneration. Vermyne 
found as the cause of blindness, Avhich Avas folloAved seven years later by total 
deafness, a myxofibroma on the base of the skull Avhich had extended into the 
labyrinth. VirchoAv (Gescinoiilste, vol. ii., cited by Schwartze) describes a 
psammoma of the dura mater the size of a mulberry, Avhich, springing from the 
internal auditory canal, and forcing its Avay through, produced paralysis of 
the acoustic and facial nerves through compression. Schivartze {A. f. 0., 
A'ol. V.) saAV a tubercular groAvth Avhich compressed the auditory and facial 
nerA^es in a child tAA'o years old. Stevens (Z. f.O., vol. viii. ) describes the case 
of a girl seventeen years of age in Avhom convergent strabismus, deafness in 
the left and hardness of hearing in the right ear, imbecility, aiA’^kivard move- 
ments, sIoAv speech, uncertain gait, Aveakness, a feeling of heaviness in the right 


* The monographs of Oppenheim and Bruns deserve a careful study. 
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extremities, and a left-sided frontal and occipital headache had existed for a 
long time. ’The autopsy revealed a globular sarcoma of the_ cerebellum with 
nodular eievations, from which an offshoot forced its way into the internal 
auditory canal. The auditory nerve had become involved in the tumour, 
so that the communication between the peripheral fibres and their central 
origin was broken off. Krepuska (Ungar. Arch.f. Med., 1894) reports the case 
of a gliofibroma of the acoustic nerve. Donault (^A'titiol. d. iticTI. de 2 orczllt, 
1898) saw a sarcoma of the acoustic and facial nerves, which had grown into 
the widenedinternal auditory meatus. 

The author is indebted to Dr. van Millingen, of Constantinople, for an 
interesting specimen in his collection of an intracranial tumour (neurofibroma) 
which had penetrated into the internal auditory meatus. The patient was 
a woman who had been totally deaf in both ears for ten years, and who had 
occasional attacks of delirium in her childhood. No anomalies were noticeable 





on lier licad, except the striking length of her auricles (10 cm.). Tliree 
inouths prior to her death optic neuritis of both eyes developed, which resulted 
in complete blindness, and which was soon followed by a left-sided facial 
paralysis and dementia. Death took place in a state of coma and convulsions. 

The autopsy sliowed (Fig. 292) a somewhat uneven, globular tumour (T), 
nearly the size of a walnut, which covered most of the posterior surface of the 
petrous portion of the temporal bone. It surrounded the acoustic and facial 
nerves in tlm form of a band, which grew smaller as it proceeded outwards, 
completely miiiig the lumen of the internal auditory meatus, and reaching 
as far as its fundus. The acoustic and facial nerves were 'also involved in the 
P '5 pificc, and tlie central portion of the ner%m could no longer be 
distinguishoa. No changes were noticeable in the tympanic cavity, in the 
vestibule (a), or in the cochlea (c). 

11 e must also mention here the neurofibromatosis multiplex described by 
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Recklinghausen, in which one frequently observes the symptoms of tumour 
of the acoustic nerve.* 

A round-celled sarcoma (Ziegler) having a green colour has been described 
under the name of chloroma (Korner), which, taking its origin from the dura 
mater and the walls of the sinus, t surrounded the acoustic and facial nerves, 
and grew into the internal auditory canal (Lubarsch, Zeitsch. f. Ohrenheilk., 
vol. xxxii. ). Chloroma, which occurs especially in children and young persons, 
is always manifold and bilateral. Compression paralyses of the acoustic nerve 
will be discussed under Cerebral Disturbances of Hearing. 

Diagnosis. — The diagnosis of disturbances of hearing due to 
brain tumours can rarely be made in that stage in which, 
irrespective of the deafness, there are no apparent symptoms 
of irritation or paralysis in the areas supplied by other cranial 
nerves. At that period of the process the differential diagnosis 
between a peripheral and central disturbance of hearing is made 
with difficulty, because deafness, tinnitus, and attacks of dizzi- 
ness may also be occasioned by an aifection of the labyrinth 
associated with a negative condition of the middle ear, as well 
as by a central lesion. In both cases the tone of the tuning-fork 
placed on the vertex will be lateralized towards the normal or, 
as the case may be, the better-hearing ear. The early appear- 
ance of facial paresis and the retained perception for the watch 
and acoumeter through the cranial bones are important guides 
for a differential diagnosis. According to Moos, the perception 
for the high tones of the tuning-fork is reduced; Siebenmann 
(loc. cit.) is supposed to have observed no decided changes in the 
perception for high or low tones in cases of tumour involving 
the corpora quadrigemina. According to Gradenigo (A. /. 0., 
vol. xxvii.), the increased electrical irritation of the acoustic 
nerve with an intact organ of hearing may he regarded as an 
important early symptom of brain tumour. 

The diagnosis is also rendered difficult in those cases in which 
there are no other symptoms of cerebral compression, and in 
which there is a middle-ear affection existing at the same time, 
which, as has been seen, may also run its course with dizziness 
and disturbances of equilibrium. 

The following case observed by the author is a striking example of this 
kind: The patient was a girl, twenty-six years of age, who had suffered for a 
number of years from a left-sided, middle-ear suppuration which was associated 
with subjective noises and dizziness. After treatment for several months the 
discharge from her ear ceased, and she was dismissed, having, however, a 
perforation in Shrapnell’s membrane, and an adherent cicatrix behind the 
handle of the malleus. In spite of the improvement in the hearing, tinnitus 
and dizziness remained. When the patient presented herself again at the 

* Cp. Henneberg and Koch, tiber zentrale Neurofibromalose und die 
GescJnviilste des KleinhirnbriickenwinJcds {Ahuslilcusneurome), Arch. /. Psych, 
mid Nervenk., 1903, vol. xxxvi.; Hammerschlag, Monat. f. Ohrenheilk., 
1900. 

t Ayres, American Journal of Ophthalmology 1907; Korner, Zeiisclir. f. 
Ohrenheilk., vol. xxx. 
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clinic some months later on aceount of a feeling of tightness in the head, 
increased dizziness, and disturbance of equilibrium, suspicion was aroused 
that a central lesion might be developing. 

The diagnosis of brain tumour could be made with certainty only when the 
patient came to the hospital some months later with bilateral weakness of 
vision, hardness of hearing of a high degree, and paresis of the extremities. 
During her stay in the hospital she gradually became totally blind and 
deaf in the course of several months; the paresis of the extremities rapidly 
increased, and death followed with symptoms of general paralysis. 

Autopsy. — K somewhat irregular oval tumour, the size of a goose’s egg, 
which consisted of fatty degenerated mucous tissue, and which took its 
origin from the meninges, was found on the right half of the pons and in the 
right crus cerebelli ad pontem, situated in the triangle formed by the places 
of origin of the trigeminus, facial, acoustic, and abducens nerves. On cross- 
section the growth presented a white, transparent, vascular appearance, and 
enclosed several cysts the size of peas, which were filled with a clear serum. 
The right half of the pons Varolii, the right crus of the cerebellum, and the 
right crus of the cerebrum were all flattened owing to the pressure of the 
tumour. In like manner the right pyramid and olivary body of the medulla 
oblongata, and the anterior third of the inferior surface of the right hemisphere 
of the cerebellum, were compressed. The abducens nerve was displaced 
medially, and the trigeminus, facial, and acoustic nerves ran along the outer 
surface of the tumour. The latter nerves were greatly compressed, and their 
fibres were markedly separated from each other. 

The disturbances of hearing may be attributed with greater 
certainty to a tumour of the brain if they are combined with 
signs of paralyses of other cranial nerves. -Thus, the tumour 
may bring about crossed paralyses with increased reflexes by 
compression of the pyramids of the cerebellum. Pareesthesia 
in the extremities develops at the same time. Pnrthermore, 
paralyses of the ocular muscles (abducens, motor oculi) and 
disturbances in smell and taste have been observed. When the 
symptoms of brain tumour are not very pronounced, it must be 
specially noticed whether a slight facial paresis and anaesthesia 
of the skin on the affected side of the head are present, as these 
may easily be overlooked if the examination is carried out per- 
functorily. 


Disturbances of Hearing in Locomotor Ataxia. 

The disturbances of hearing in locomotor ataxia, to which Duchenne (1859) 
had already called attention, are, according to the cases thus far anatomically 
investigated, due to atrophy of the acoustic nerve. Erb {Ziemssen' s Hand- 
oiic/i, p. 142) found atrophy, while Wernicke and Althaus observed a gray 
degeneration of the acoustic nerv'e; Habcrmann found marked atrophy of 
the nerve and ganglion cells in the cochlea, connective -tissue degeneration of 
the cochlear and vestibular nervms, in addition to an excessive accumulation 
01 corpora amylacea, and a central extension of atrophy of the acoustic 
nerve up to its nuclei. Striimpell {Arch. /. Psychialrie, 1881) saw degenera- 
tion ot both acoustic nerves; Oppenheim and Sieraerling {ibid., 1887) reported 
1 acoustic roots; and Haug {Die Kranklieiteii des Ohres, etc., 

189.1) degeneration of tlie central labyrinthine portion of the vestibular and 
cochlear nerves. Friedrich ( Vcrhandl. d. deutscJi. olol. Gesellsch., 1897) believes 
that the apoplectiform tabetic deafness is due to a diseased condition of the 
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nuclei of the acoustic nerves in the medulla oblongata. P. Bonnier* thinks 
the disturbances of hearing in tabes are caused by pathological changes in the 
nuclei of the acoustic nerve and in its peripheral terminal filament's in the 
labyrinth. Briihl found in a deaf tabetic patient, almost a complete absorption 
of the ganglion cells in the spiral ganglion of the cochlea, and atrophy of the 
auditory nerve up to its nuclei in the medulla oblongata {Zeitsch. f. OhrenheilL, 
vol. lii.). The changes in the auditoiy nerves of tabetic individuals are sup- 
posed to be due to a metaluetic process. 

The clinical investigations of 53 tabetic individuals examined by Morpurgo 
and Marina (A. f. 0., vol. xxx.) showed that aural affections may arise in 
any stage of locomotor ataxia. Of the 53 patients, only 10 had normal hearing ; 
in 35, who were hard of hearing, Rinne’s test was positive; in 35 cases the tone 
of the tuning-fork placed on the vertex Avas lateralized only 11 times towards 
the more affected ear. Marie and Walton (quoted by Bonnier) have observed 
disturbances of hearing 17 times in 24 tabetic patients. Ihledrich (loc. ctl.), 
on the other hand, found disturbances of hearing only twice in 27 cases; Treitel 
twice in 20 cases ; and Voigt only in 2 per cent. 

According to the observations of the author, deafness in tabes 
dorsalis generally develops progressively, seldom rapidly, and is 
accompanied by a marked unbearable tinnitus. Occasionally it 
appears as the initial symptom of tabas, but usually develops 
only in the advanced stage of the affection. The aural disease 
is, as a rule, bilateral. Dizziness is a common symptom. Bonnier 
is of the opinion that this phenomenon is produced by a tabetic 
condition of the nucleus of the vestibular nerve. Collet,! who 
attributes the aural affection in persons having tabes to trophic 
disturbances, just as in other nerves, observed a neuralgia of the 
trigeminus of varying degree in two-fifths of the cases. _ 

Not every disturbance of hearing arising in the course of 
locomotor ataxia must be looked upon as due to this affection. 
One not infrequently finds, however, in persons having tabes 
dorsalis obvious changes in the middle ear, or symptoms of an 
otosclerosis with a striking negative Rinne, which may be con- 
sidered the cause of the hardness of hearing. Oassierer and 
Schiff {Arheit. aus d. Instit. /. Anat. u. Physiol, d. Central-nerven- 
S7jst. d. Wien. Unikers., 1896) found the roots of the auditory 
nerve completely normal in two deaf tabetic patients, in whom 
the author observed extensive changes in the middle ear. 

Disturbances of hearing have also been observed in progressive paralysis 
(Magnan). In the beginning of this affection, there' is a marked hyper- 
sensitiveness for high tones (Haug). In the stage of advanced dementia, 
the hearing test is associated Avith insurmountable difficulties. Accord- 
ing to the histologieal examinations of Otto Mayer {Arcliiv f. Ohrenlieilk., 
yol. Ixxii.), it is observed that marked disturbances of hearing develop 
in the terminal stage of the ascending paralyses of tabes. Mayer found 
degenerative changes in the ganglion of the root, and a breaking up of 
the auditory nerve, Avhich coifld be traced into the medulla, and Avere 


* Le tabes lahyrintliique {Nouvelle iconographie de la SallpelrRre (separate 
copy). 

t Les troubles auditifs du tabes, L 3 mn, 1894. 
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Malformations of the Organ of Hearing. 
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of hearing. It is found, therefore, that the mteinal ear i- in . 
normal condition, ^Yith a marked malformation of tho e\f.Tn.il 
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Structural anomalies of the .auricle arc rather fn':ia<'»t, .’onl .njipnr i itii* r 
as an excessive or defective formation. Among the mriiuT mi\ Uc < n’*'*' . 
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(Knapp) or more auricles (Cnssebohm Lanucr) on fine nun' (polyol to h nm! 
the so-called auricular appendages (Vindiow). winch projert 
portions of cartilagcin front of the tragu.s, or hcloa' thi' nuriclc in ih’' form of 
round or elongated prominences (Fig. 'J'iicHc excessive fornmlioiet are 
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with those of the labjTinlh (•!. P. Cas.sels), .Anoinnlie.s in the poHitiun o( 
the auricle are ahso found, so that it may ho silfiated npon the ehet'h, less often 
upon the neck.* 

Defective formation of the auricle is characterized either by it s tof.'il ah'^'iice. 
by a stunting and shrivelling of the cnrlilnge, or by nmlfonurilion of tM 
different portions. The changes of form thus produeeil are very numenms. 
The auricle sometimes appeals as a rudimentary growth of skin nr cart ilaginniis 
appendage, and sometimes as a hook-shaped fold which is eitlier spirally 
curved or rolled together in the form of n cone. It may nl.so ivppcnr ns a 
cauliflower excrescence, not infrequently as a so-calied cat’s ear, but mo.st 
frequently as a long cartilaginous swelling, ns simwn in tho nceotnpanving 
cut (Fig. 294). Ongcnital fc;surc ot the lobule i.s rather common (colobumn 
auriculae). 

According to Rolirer, the greater number of anomnlie.s of formation of tl\n 
auricle are undoubtedly due to the development of tlus organ in ulrro. 'riie 
most .inportant embtyological factors in producing such malformations nve; 
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rather uncommon. In the latter ono finds, as in the eases reported by Velpeau 
and Macauln {The Specialist, London, 1881), a soeond cul-de-sae behind the 
true auditory meatus, or there may be two separate eanals, which, as in a case 
of Bernard’s {Journ. d. phys. csp. de Magendie, vol. iv.), extend as such for a 
short distance, and then unite into one eommon eanal. 

We must also mention hero the so-called branchial cleft fistulaj {fistula auris 
congenita), which, according to the investigations of Schwabach, Kipp, Urbant- 
schitsch and Katz, have mo connection with the development of the external 
meatus. They appear as short blind sacs, lined with epithelium, which secrete 
a milky fluid through a round fistulous opening in the skin in front of or below 
the tragus, but which do not communicate, however, with the external meatus 
or with the tympanic cavitj\ Sometimes a cystic enlargement of these 
branchial fistula; (branchial cyst) takes place. In a large number of cases 
thej’^ are hereditary. This anomal}' is often bilateral; in the cases observed 
by the author it occurred more often in the loft car. 



Fig. 293. — Auricular Appendage 

SITUATED IN FRONT OP THE TrAGUS 
IN A Boy aged 9 Years. 

Removed. Healing of the united edges of 
the wound. The linear scar wliich re- 
mained was scarcely perceptible. 



Fig. 294. — Rudimentary Auricle 
IN THE Form op a Long Car- 
tilaginous Tumour. 


Anomalies of development of the external meatus are usually combined 
with defects of the auricle, with partial or complete absence of the middle 
ear, occasionally with branchial cysts and fistulm, not infrequently with 
arrested development of the cranial bones, and, finally, with congenital facial 
paralysis. They occur as a congenital stenosis, but more often, however, as 
an osseous or membranous atresia. At times all signs of an external auditory 
canal are absent (Robb, Amer. Journal of Otol., vol. iii.; Hessler, Stat. Ber. 
A. f. O., vol. xvi.). In place of the external auditory orifice there is either 
a shallow depression or a short, blind eanal (Welker, A. f. 0., vol. i. ; Zaufal, 
Prag. med. Woclienschr., vol. i.; Knapp, Z.f. 0., vol. xi.). 

In a case of malformation of the right ear dissected by the author he found 
a rudimentary auricle, the external auditory meatus represented by a fibrous 
band 1 cm. long, the tympanic cavity absent, and the pharyngeal orifice of 
the Eustachian tube indicated only by a small fossa. The osseous and mem- 
branous labyrinths, however, were perfectly developed, and the terminal- 
filaments of the auditory nerve as well as Corti’s organ were in a normal 
condition. 

The following malformations of the tympanic membrane must be men- 
tioned: congenital absence of the membrane, whieh always oecurs in con- 
nection with an arrested development of the external auditory canal and 
of the middle ear; and congenital perforations whieh have generally been 
observed in both tympanic membranes at the anterior superior part in the 
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region of ShrapnoU’s mombrano, and wliicli were associated \vit.h cleft palate 

^ The occurrence of a double membrane is doubtful, and it is probable that 
in those cases reported by Duvcrncy, Ginmpictro, and others, it was only 
a membranous structure which had formed in the oxtcrnnl meatus 

(Schwartze). ^ , , 

Anomalies of formation of the tympanic cavit.y are: rudimentary dovclo])- 
ment and contraction to the size of the head of a probe (iMoos and Slein- 
briigge, Z.f. 0., vol. x.), and complete absence. In addition to these, one tiuds 
partial defects of development: contraction (ns in one of the specimens in the 
author’s collection) or complete closure of one or iioth labyrinthine windows, 
and the absence of the eminentia stnpcdii and stapedius muscle (Politzer). 

The following malformations of the ossicles have been observed: abnormal 
increase and decrease in size, coalescence of all the bones into one (coluincllar 
formation, Toynbee, Politzer), union of both crura of the slape.s into one 
small rod proceeding from the centre of its foot-plate, and, finally, complete 
absence of one or more of the ossicles. 

Abnormalities of the Eustachian tube arc usually associated with mal- 
formations of the external auditory meatus and of the tympanic cavity^, and 
occasionally also with cleft palate. A congenital dilatation to three or four 
times its original size has been reported by Cock (Med. cMr. Trans., vol. xjx., 
quoted by Schwartze, loc. cil.). J. P. Cassels (Glasg. Med. Journal, vol. viii.) 
found, besides a stenosis of the bony auditory canal, a stricture of the 
osseous portion of the tube. Total absence of the Eustachian tube, with a 
simultaneous absence of the external meatus and tympanic cavity, has been 
observed by Moos aird Stoinbriigge, and in one case by the author. 

In addition to partial and complete absence of the cxteimal and juiddlo car, 
there are, as a rule, also defects of development of the mastoid process, or oven 
with its entire absence. Sometimes the mastoid process is found to be reduced 
to a short, solid prominence even in those cases in which the remaining portions 
of the temporal bone are in a perfectly normal state. 

The malformations of the internal ear, which occur cither with or with- 
out co-existing defects in the sound-conducting apparatus, are: complete 
absence of the labyrinth (Michel, Schwartze), absence of one of, or all, tho 
semicircular canals (Bochdalek, Toynbee, Voltolini, Bremer, and others), 
rudimentary development of the same (Triquet), absence of tho vestibule and 
cochlea (Montain), or one of the windings of the latter (Hyrbl), absence of the 
modiolus or lamina spiralis (Nuhn), incomplete development of Corti’s organ 
(Seheibe, Bremer), opening of the fenestra rotunda into the vestibule, dilata- 
tion of the aqueducts (Hyrtl), absence of the auditory nerve, but only when 
there is a simultaneous absence of the labyrinth (Michel), and, finally, absence 
or faulty development of the strice acusticte and of the auditory nucleus. 
According to Steinbriigge, defects in the ear brought about by an inflammatory 
process in the early years of life may be mistaken for anomalies due to an 
arrested development. 

The malformations of the internal ear just detailed are, as a 
rule, associated with total deafness. On the other hand, how- 
ever, one still finds perception for sound of a varying degree in 
cases of defective development of the sound-conducting apparatus 
if the tuning-fork tests show that there is a normal condition 
of the internal ear. In atresia of the external meatus, speech 
rnay still be understood, as the sound waves are conveyed to 
the labyrinth either by means of the cranial bones or by means 
of the Eustachian tube. 

In cases of unilateral absence of the external and middle ear 
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the presence of the labyrinth on the same side can be ascertained 
by examinations with the tuning-fork. If the tone of the 
vibrating c^ tuning-fork placed on the vertex is heard stronger 
in the malformed ear, it may be assumed that the labyrinth is 
normally developed; if, however, the tone is lateralized towards 
the normal ear, it is probable that there is a co-existing defective 
development of the internal ear on the malformed side. 

When there is unilateral absence of the auricle associated with 
atresia of the external auditory canal, the movements of the soft 
palate during phonation must ahvays be tested. If there is a 
symmetrical movement of the palatine arches, it may be assumed 
with probability that the Eustachian tube and middle ear are in 
a normal condition. If, however, that half of the palate corre- 
sponding to the defective side shows a diminished mobility, one 
is justified in assuming that there is an impaired development of 
the tympanic cavity and Eustachian tube, because malformations 
of the middle ear are often associated wjfch defective development 
of the muscles of the palate and tube. 

Operative interference in congenital atresia of the external 
meatus is permissible only if one is convinced by a careful 
examination that one is dealing only with a congenital thin 
septum at the entrance to the ear, that speech is understood by 
applying the ear-trumpet to the closed part, and if, during 
catheterization, the air can be heard to enter the middle ear by 
auscultation. In cases, however, in which the atresia extends 
far inwards, and in which the external meatus is not permeable, 
or feels only like a solid cord, and in cases in which the atresia 
is bony in structure, and the tuning-fork tests show_an absence 
of sound perception, operative measures would be useless and 
would, furthermore, be irrational and dangerous 


Deaf-Mutism. 

Deaf-mutism depends on an anomaly of the organ of hearing. 
I which is either congenital or acquired during the early period of 
I childhood, and which is associated Avith such a marked diminu- 
i tion in the hearing function that speech cannot be learned by 
■j means of the hearing, or AA'here it had already- been acquired, 
[ becomes lost again.* 

Heredity and intermarriage between blood relations have been 
shoAvn to be the most frequent indirect causes of congenital 
deafness. Hammerschlag has shoAvn, from his statistical in- 
A^estigations, that consanguinity is the etiological factor in deaf- 
mutism. 

Direct transmission is proportionately less often met AAuth than 
* Holger Mygrind, Taithslummlieil, 1894. 
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the iadirect, because marriago boi.wecii Uvo (loat-niuios is not of 
frequent occurrence, and is seldom fertile in oiYspring. 

Hammerschlag (Archiv f. OhmihcUk., vol. Ivi.) oinplinsizcs the fact tliat 
the customarj' division of ‘ congenital ’ and ‘ acquired ’ dcaf-inutisin docs not 
hold good in reference to tlic intra -uterine acquired dcaf-mutism. and that nt 
least the term ‘ inherited ’ deafness be climitiatcd, and replaced by the more 
correct term of ‘ congenital’ deafness. He also sriggcsts that dcaf-mutism be 
subdivided into; (1) that caused by local affections of the organ of hearing, 
and (2) the constitutional dcaf-mutism. The first form is ahvay.s acquired, 
but can also develop during foetal life. The constitutional form Hammer- 
sohlag divides (a) into the endemic (cretinoid), and (h) into the sporadic 
forms.^ Under (b) belongs that form of deaf-mutism produced by the con- 
sanguinity of the parents, and called by Hammcr.sclilag degcircrativc dcaf- 
mutism. 

• census in the Netherlands, it was shown that among 1,G22 

me 1-1 hereditary in Uhii per cent, of the casc.s; oj 

f ^ parents were deaf-mutes, live were similarly afflicted 

1 According to Schcppcgrcll (^1 mcr. Med. Journal, vol. ii., 1 5)00), 

per cent, of the children arc deaf-mutes if both parents arc likewise 
atiected; 6-8 per cent, if only one parent is deaf. JLi-rom Fay’s {Marriage of 
mjness, 1898) statistics it was seen that of 5,000 eases collected in America, 
TVr , ■ ?} children were deaf when both parents were also deaf. 

Alexander ascertained the following from 558 deaf-mutes: 
/o7 j occurred in 3-67 per cent, when {he parents were blood- 
wlnVU ^ dcaf-mutism was present in 2-3 per cent, of the cases in 

iiii’nU n *^°^{‘.nnitos, hard of hearing, or had affections of the 

30 TiPT ""‘***^ found in 70 per cent., and acquired in 

marrintTOQ * u ^ dcaf-mutism occurred in 13-3 per cent, when the 
hartinpaa between blood-relations, in whom there was dcaf-mutism, 

deafneaa POT, or menial diseases. (4) The diagnosis of congenital 

children in one^famtty certainty if there arc several deaf and dumb 

inbL^f ^ shown that deaf-mutism is due to indirect 

thp ^^’4. ill those cases in which the ancestors of 

beerimpo^^^ ^ dumb. The transmission 

' idioeu deafness, affections of the mind, epilepsy, 

Epfinih’a^' iind various forms of nervous diseases. 

nanviner ^ found quite often as an accom- 

y t, affection (Liebreich, Leber, Bezold, and others.)* 

five* perftctlTnorina^^l case of a family in which six congenitally deaf and 
saw Four dS-mutFsL^rf bealthy parents. The author 

disposition could^bp children, in which no hereditary pre- 

1 sirion could be ascertained. Love found forty-one deaf-mutes among 

gallons on^deaf-mute^to^nd^mU ' iuvesti- 

loss of function of Uip ann *^'”^P®’^®®'tion, if any, there was for the 

(1) Tlich-ritabSity deaf-mutes that: 

for white and colours was reduced; (2) the monocular field of vision 

than normal. Tromhetta ®'T^,l^bat the field of fixation was larger 

a sharper perception for obippt ^ tberefore, that deaf-mutes have 

than normal individuals indWtbm f periphery of the field of vision 
an organ to tto potooption of »p«?e md feSn'!”'”'’™*’” 
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several families wliicli v'ere related with one another. The largest number 
of deaf-mute children observed in one family was ten. 

The statistics vary as to the influence of close intermarriages on congenital 
deafness. H. Schmaltz {Ueber TauhslmmnlieU iin Konigreich Sachsen, 1884) 
entirely denies the supposed connection. Bonder is said to have found 
congenital deafness from intermarriage in 25 per cent., Mitschel in C per- 
cent., Hartmann in 8-1 per cent., and Uchermann {Die Tanhstummen in 
Nonvegen, 1896) in 25 per cent, of 919 cases. Uchermann is of the opinion 
that, in addition to consanguinity, the hereditary influence which is thereby 
increased has also a great deal to do with the congenital deafness. Brooks 
{Johns Hopkins Hosp. Bull., 1900) has shown that deaf individuals, or 
persons whose hearing is normal and whose relatives are hard of hearing, 
have a strikingly large percentage of deaf children. If consanguinity of the 
parents is added to this, 50 per cent, of the offspring may be born deaf. 

It is very doubtful whether unfavourable social relations are 
conducive to the frequent occurrence of congenital deafness; 
they seem, however, to play a great part in causing acquired 
deaf-mutism. The frequency of this imperfection is very notice-- 
able among the inhabitants of isolated mountainous regions, and 
may be attributed to unfavourable social and hygienic conditions, 
as well as to frequent intermarriages. 

Acquired deafness, or deaf-mutism, is caused by primary 
affections of the ear, by intracranial processes, and by general 
diseases. The most important of these are: epidemic cerebro- 
spinal meningitis, the ordinary meningitis, and hydrocephalus; 
further, the infectious diseases, as scarlet and typhoid fevers, 
diphtheria, variola, influenza, and tussis convulsiva (whooping- 
cough), hereditary syphilis, mumps, rickets, and primary 
affections of the labyrinth, especially inflammations and suppura- 
tions of the same {vide p. 550), panotitis {vide p. 674), and 
injuries of the internal ear (p. 710). 

According to Lemcke {Die Tauhslunimheil im Grosslierzogllium Mecklen- 
burg- Scliiverin, etc., Leipzig, 1892; A.f. 0., vols. xxxv. and xxxvi.), the various 
affections of the brain are the cause of acquired deaf-mutism in 38-7 per cent, 
of the eases; scarlet fever in 24-4 per eent. ; to a less degree measles (8-3 per 
cent.); typhoid fever (3-4 per cent.); diphtheria (1-5 per cent.); whooping- 
cough (1-5 per cent.); injuries (5-0 per cent.); rickets (about 5 per cent.); and 
primai'j'^ aflections of the ear (8-G per cent.). 

The numerical proportion betAveen congenital and acquired deaf-mutism 
Amries according to different authors and eountries. The statements that the 
tAvo forms occur equally often cannot be accepted as definithm, as even by a 
thorough scieiitifie examination in a number of cases it cannot be ascertained 
with certainty AA-hether the case is one of eongenital or acquired deaf-mutism. 
By a minute inAmstigation of 210 cases of deaf-mutes in Willi. Meyer’s clinic, 
Holgor Mygrind found that the deafness AA-as acquired in 1 25, and congenital 
in 54 cases; the etiology of the other 31 cases AA-as undecided (Mygind, 
Die angeborene Taubheit, 1890). That, the data collected in deaf and dumb 
asylums are often untrustworthy, is seen from the fact that the author has 
found, in a number of cases Avhich were said to be congenital deaf-mutes, 
changes in the ear (extensHe perforations, adhesions of the membrana tym- 
pani, etc.) AA'hich showed undoubtedly that the deaf-mutism had been acquired. 
Selimaltz is also of the same opinion; in 16-2 per cent, of the cases said to have 
been congenital^ deaf and dumb, he found objective changes in the ear, AA-liile 
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in another series of cases, in 39 per cent, of those who were said to Imye acqmred 
the deafness, no signs of an anral affection coiiW be found. Ac«)rdii^ to Bliss 
(PMlad. Med.. Ncius, vol. Ixvii., 1895) and Frankcnbcrger {M. /. 0., 189G), 
deaf-mntism is acquired in the great majority of cases. The changes are 
generally localized in the internal car, but are not infrequently, however, 
limited to the sound-conducting apparatus. 

Birchner (Der endemisclie Kropf vnd seine Bezichmgen z^lr Tanbslummlmt 
wid zum Krelinismus, Basel, 1883) believes that we can differentiate u sporadic 
axid an endemic deaf -mutism, the latter of which is always supposed to be 
associated with endemic goitre. By the action of the virus of this endemic 
affection, changes in the hearing and speech centres may take place nlejo, 
which give rise to deaf-mntism. Endemic deaf-niutisin may also be acquired 
during the first years of life. 


The pathology of deaf-niutism is still incomplete, notwith- 
standing the considerable number of conditions found post- 
mortem. On the whole, however, the information published on 
this subject gives us a fairly clear picture of the anatomical 
lesions in the ear, which may be looked upon as the cause of 
deaf-mutism. 

Holger Mygind {A. j. 0., vol. xxx.) deserves the credit of 
having collected 118 cases of deaf-mutism with j)ost-piortcm 
findings; these include some of his own cases, and give us instruc- 
tive information of the changes found in the different parts of 
the ear. Since this publication the number of cases examined 
post-mortem has increased considerably.* 

The. following have been shown to be the anatomical causes of 
congenital deafness: bilateral atresia of the external auditory 
canals, impaired development or absence of the middle ear, 
defects and rachitic deformities in the labyrinthine windows 
(Moos), bilateral osseous closure of the round windows with 
ankylosis of the stapes and a diminution in the size of the laby- 
rinthine cavity (Politzer), anomalies of formation in the middle 
ear, with co-existing changes in the ductus cochlearis (Nager), 
narrowing of the recess of the round window to a cleft with 
connective-tissue atresia of the same (Politzer), and atrophy of 
the cochlear nerve and spiral ganglion in the first turn of the 
cochlea (Scheibe, Le’ r. /. 0 . renlieUk., vol. xxvii.) ; furthermore, 
abnormalities of the membrane of the otoliths, of the organ of 
Corti and of the ductus cochlearis (Goerke), epithelium meta- 
plasia with faulty development of the sensory epithelium, com- 
bined with ectasia, or collapse of the membranous labyrinthine 
wall, especially the inferior part (Lindt), defects of the crista and 
sulcus spiralis, as well as the epithelial cells of the ductus coch- 
learis, with an abundant formation of hyaline bodies and pig- 
mented patches in the latter (Alt), impaired development of the 
labyrinth (see p. 731) and of the auditory nerve, inflammatory 
processes in the middle ear and labyrinth arising in utero (Moos, 


* Unlersnchnngen iiher die Analomie der Tauhslummheit. 
the Deuisch. Ololog. Ges., by Dcnker, Wiesbaden, 1906. 


Published for 
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Gelle, Politzeij, a break in the continuity of the acoustic roots 
through hasmorrhages (Haike), malformations of the central 
nervous system, meningitis during foetal life, and, finally, 
hydrocephalus (Meniere, Castex). 

Of the anatomical changes producing acquired deaf-mutism, 
the following must be mentioned: bilateral acquired atresia of 
the meatuse's, scarlatinal, diphtheritic, purulent, middle-ear sup- 
purations which are associated with exfoliation of the ossicles, 
and which usually arise during the first years of life, caries and 
necrosis of the labyrinth, inflammatory changes in the labyrinth, 
firm adhesions and ankylosis of the ossicular chain, chronic 
non-suppurative catarrhs with termination in obliteration of the 
tympanic cavity by the new formation of connective tissue, and, 
finally, occlusion of the labyrinthine windoAvs through the 
formation of neAv bony masses. 

The changes found in the labyrinth of deaf-mutes are: inflam- 
matory and retrogressive processes, thickening of the endosteum 
of the labyrinthine cavit}^ hyperostotic narrowing of the vestibule 
and semicircular canals, extensive bone formation in the cochlea 
Avith concentric narroAving of the scales through otitic bony 
layers Avhich arise from the endosteum (Alexander, Monat. /. 
Ohrenheilli., 1906), pathological pigmentation of the internal ear 
(Pause, /. Ohrenheilk., 1904 and 1908), thickening of the 

saccule and utricle, colloid degeneration of the neuro-epithelium 
in the utricle (Moos and Steinbiaigge), neAv formation of bone in 
the labyrinthine capsule, and cone-shaped protruding duplica- 
tions of the endosteum in the scalee of the cochlea (Politzer), 
partial or complete obliteration of the labyrinthine cavity owing 
to the formation of connective tissue and bone (Moos and 
Steinbriigge, Holger Alygind, Habermann, Burckhardt-Merian, 
Politzer, Scheibe, ScliAvabach), defects in Corti’s organ, atrophy 
or hypoplasia of the spiral ganglion and that portion of the 
cochlear nerAm running in the modiolus,' and connective tissue 
and bone formation in the basilar turn of'the cochlea Avith loss 
of the nerve element after cerebro-sj^inal meningitis (SchAAmbach, 
Zeitscli. f. OlirenlieiJk., Ami. xli.). Imperfect development of the 
inferior, left frontal conAmlution and of the island of Beil has 
been repeatedly observed (Mygind, Biidinger); atrophy of the 
superior convolution of the temporal lobe has been found in only 
one case (Obersteiner). 

Holger Mj'gind calls special attention to the relative frequency of patlio- 
, logical changes in the labyrinth, especially to total or partial obliteration of the 
labyrinthine cavity by the deposit of calcareous and connective-tissue masses, 
and also directs attention to the frequency with Avhich the semicircular canals 
become involved in the process. 

In conclusion, the conditions found in some of the ears of deaf-mutes 
examined bj'- the author merit description. In a man sixty-one years of age, 
who was said to have been bom deaf and dumb, the external and internal ear^ 
Avere found to be in a normal condition, and the membrane of the round AA'indow 
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very thin and freely movable; in addition to these conditions, chronic internal 
hydrocephalus and chronic pachymeningitis were found, the stria} acustica} 
were slightly developed, and the origin of the left auditory nerve was 
degenerated into a gelatinous mass. 

In a girl eleven years of age, said to have had congenital deafness, the 
author found the right tympanic membrane cicatrized, the body of tho incus 
(Fig. 295, b) embedded in a mass of connective tissue, and the recess of the 
round window (a) filled with connective tissue. On the left side he found 
an oval perforation 2|- mm. in size in front of the malleus, and tho long process 
of the incus on both sides ^ longer than normal, and bent at a right angle (c) 
in its middle portion. The stapes (d) Avas displaced backwards and upwards, 
and its crura and head Avere united Avith the upper AA'all of the recess of the 
vestibular windoAV. A condition nearly analogous to the one just described 
AAUs found at the post-morlem examination of another deaf-mute. In this 
case the long process of the incus arrd the head of the stapes Avere adlierent 
to the posterior Avail of the tympanic cavity. OAving to a displacement of the 
entire incus thus produced, the space betAVeen the handle of the malleus and 
long process of the incus appeared Avidened to a broad, obtuse angle. 





a 


Fig. 295. 

In a young deaf-mute Avho had died in the general almshouse, and Avhose 
history and age Avere not knoAvn, the author found at the autopsy, adhesion 
of the stapes to the posterior Avail of the recess, and a slight depression instead 
of the recess of the round windoAV. Microscopic, frontal sections shoAved a 
fissure (Fig. 29G, n) Avhich ran from the depression to the fenestra rotunda, 
and Avhich Avas filled Avith connective tissue, the meshes of Avhich contained 
groups of fat cells. 

It has not yet been determined Avhether secondary changes (atrophy from 
disuse) take place in tho sensory cortical centre of the temporal lobe as 
the result of a congenital or acquired deafness which has existed a long time. 
Luys reported a case in Avhich he is supposed to have found yellow discolora- 
tion and colloid degeneration of the cerebral cortex in addition to similar 
changes in the acoustic nerve. 

The anatomical conditions, hoAvever, do not always show whether the 
deafness is congenital or acquired. It is only in cases of marked impairment 
of deA'elopment in the ear, that it can be determined with certainty that the 
deafness is of a congenital nature. On the other hand, when there is no 
reliable history , it is often impossible to say AAhether certain changes, as, 
for instance, ankylosis of the ossicles, hjq)erostoses in the Avindows of the 
lab5’'rinth, and ncAV groAvths of connective and bony tissue in the internal ear 
date from foetal life, or Avhether they developed after birth. ’ 


47 
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In those cases in which the deafness is acquired during the 
first years of life, the children do not, as a rule, learn to 
sjDeak. If, however, the deafness comes on later, let us say 
between the fourth and seventh years, the power of speech often 
becomes lost, notwithstanding all possible didactic measures; 
nevertheless, it is sometimes possible, with intelligent children 
who have already learned to road, to prevent the development 
of dumbness by careful attention on the part of those around 
them. Deafness acquired in the later years of childhood is 
seldom associated with the loss of speech. 

When examining a deaf-mute, it must be ascertained by most 
careful testing, whether there is total deafness for. every kind of 
sound. When the perception for sound is entirely absent, the 



Fig. 296 .^ — Frontal Section through the Niche or Recess of the 
Fenestra Rotunda of a Deaf-Mute. Age unknown. 

r, r', Membrana fenestra) rotunda); n. Slight depression at the base of the niche 
of the fenestra rotunda; n, n'. Narrow osseous fissure, filled with connective 
tissue containing fat, extending to the membrana fenestra) cochlea). 

deaf and dumb child will not react to sudden noises made behind 
its back, as, for example, clapping the hands, ringing a bell, 
whistling, blowing a trumpet, etc. ; if, however, some perception 
for sound is still preserved, the child will reflexly turn its head 
towards the source of the sound. The perception for sound 
through the cranial bones must also be tested by placing high 
and low toned tuning-forks on the vertex and on the mastoid 
process. When it is found in this test that perception is 
completely absent, the child will show no reaction, but if the 
tone of the fork is heard, the child will give evidence of its per- 
ception by a change in the facial expression. If it has been proved 
by the various tests that there is some perception for sound, each 
ear must be examined separately, to ascertain the hearing power 



DEAF-MUTISM 


739 


for vowels and speech. It is thus noticed that some deaf-mutes, 
and, in fact, more frequently those with congenital than those 
with acquired deafness, repeat some of the vowels spoken into 
the ear, especially a, o and u, but less often the consonants (most 
frequently h, p and r). By long-continued practice the tactile 
senk of the’ external region of the ear seems to facilitate the 
perception for vowels and consonants.* 

Hartmann found in 100 cases 60-2 per cent, with total deafness, 24-3 per 
cent, with perception for sound, 11-2 per cent, with hearing power for vowels, 
and 4-3 per cent, with hearing power for a few words. According to the 
statistics of Holger Mygind, it is noticed that total loss of perception for 
sound is present only in a small number of deaf-mutes, and that total deafness 
is more prevalent in acquired than in congenital dcaf-mutism. 

Bezold’s examinations (Das Horvermogen der TatibsHminen, etc., Wies- 
baden, Bergmann, 1896), which were carried out by means of a continuous 
series of tones on seventy-nine pupils of the Munich Deaf and Dumb Asjdum, 
showed that there is seldom complete deafness on both sides (fifteen times 
in seventy-nine cases) ; the failure to perceive certain tones within the hearing 
range was often found as gaps in the scale, and frequently as limited ranges of 
hearing in the form of tone islands. The hearing power which was still 
retained embraced two and a half octaves with the exception of two half-tones 
(islands) in twenty-eight cases; loss of tones from a half to three and a half 
octaves (gaps) was observed in twenty cases; once the upper portion of the 
scale could not be perceived while the perception for the lower part was intact; 
the upper and lower limits of perception were lessened eight times ; large defects 
in the lower part of the scale were present eighteen times; and , light defects in 
the upper as well as in the lower parts of the scale were observed thirty-tlireo 
times. The power to perceive the range of tones from 6^ to was shown to 
be absolutely necessary in order to understand speech. As a general rule, the 
failure to perceive tones of the lower scale was more often met with than the 
failure to perceive those of the upper range, and finally it was noticed that 
children with some hearing power were found more often among those born 
deaf and dumb than among those who became so in later life. 

The results of Bezold’s examinations of deaf-mutes have been 
confirmed by Basso w, Schwendt, Wegener, Barth, Denker, Hass- 
lauer, Kickhefel, Barnick, and others. 

The^ condition of the vestibular apparatus in deaf-mutes was 
investigated by Bezold, Denker, Hassler, Wanner, Frey, Ham- 
merschlag, Nager, and Brock. Brock (Archiv j. Ohrenheilk, 
■'■’ok Ixxi.) found that in those persons who were totally deaf 
no irritability of the vestibular apparatus could be elicited when 
testing with the caloric method of Barany. Barany observed, 
in persons who were totally deaf, a slighter rolling of the eves 
in the opposite direction, than in persons with a normal hearing 
{Archiv f. Ohrenheilk., vol. Ixviii.). 

^ Krcidl (I^uger s Archiv, vol. li.) examined 109 deaf-mutes, and found that 
ni nearly oO per cent, the jolting movements of the eyes which generally appear 
in a normal person when rotated on a vertical axis were absent. He there- 


* Wo are indebted to Uchermaim for valuable information in reference to 
the examination of deaf-mutes (Intern. Med. Congress, London, 1897). 
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fore concluded that in about 50 per cent, of deaf-mutes the semicircular canals 
are affected, and that they cause these movements of the eyes and dizziness. 
Of sixty-two deaf-mutes placed on a roundabout, thirteen had no difficulty in 
retaining the vertical position, while of seventy-one individuals' with normal 
ears, all were able to retain this position with the exception of one. The 
deficiency of this sense is associated with the failure of the eyes to roll in the 
opposite direction, according to Alexander and Barany. Alexander and 
Kreidl (ArcJt.f. d. ges. Phys., vol. Ixxxix.) found that in persons who were born 
deaf-mutes the galvanic reaction was absent in 31 -2 per cent., while in persons 
who became deaf after birth, in 71*1 per cent. From the investigations carried 
on by Alexander and Kreidl it was found that with marked anatomical changes 
in the vestibular apparatus the galvanic reaction is absent, but with slight 
changes it is normal. Hammerschlag {ZcitscJi.f. Olircnlieillc., vol. xlv.) found 
that in twenty-three hereditary deaf and dumb children, twenty-two (95'G per 
cent. ) shoAved a positive reaction to the galvanic current Avhen passed tluough 
the head, by an unsteadiness of the head and body. 

The proposal of PassoAv* that in the beginning of each school-year in the 
deaf and dumb asylums the newly-admitted pupils should undergo a thorough 
aural examination deserves consideration, as changes are often found in the 
ears which are the cause for the defeetKe hearing. Such children are often no 
fit subjects for an asylum, as a timely treatment of their nasal and aural 
condition frequentlj'^ improves their hearing to such a degree that they readily 
learn to speak, and no longer come under the eategorj’’ of deaf-mutes. The 
author has repeatedly found that a high degree of deafness Avas due to a chronic 
middle-ear catarrh in children Avho AA’cre to be admitted into a deaf and dumb 
institute^ by proper local treatment the aifcction improved to such an extent 
that their admission became unnecessary. The promiscuous admission of 
children into an asylum, among Avhom some are almost deaf, some affected 
Avith cataiThs, others neglected in their training, others again hard of hearing 
on account of idiocy, explains Avhy in some pupils (about 6 per cent.) during 
their confinement in the institution a spontaneous improAmment in the hearing 
takes place, which, Avhen the hearing tests arc undertaken, is erroneously 
regarded as the result of their training at the institution. 

Prognosis. — According to the experience of the author, the 
prognosis of deaf-mutisin is, on the tvhole, unfavourable, yet 
it is more favourable in the congenital than in the acquired 
forms. In a number of children in 'whom the author diagnosed 
congenital total deafness, he Avas able to note several years later 
that speech could be heard at a distance of lu. and over. 
In the majority of cases this improvement in hearing Avas observed 
only in one ear, AA^hile the other remained deaf. 

On the other hand, the author has neA'^er observed an im- 
provement in the hearing in a single case of total deafness due to 
a scarlatinal or diphtheritic middle-ear process, or after menin- 
gitis and hydrocephalus, in spite of the fact that aural examina- 
tions Avere repeatedly undertaken. 

Treatment. — Treatment is of benefit only in those cases of 
deaf-mutism in Avhich there are pronounced objective symptoms 
of a middle-ear affection. In those cases in Avhich there is a 
high degree of deafness in consequence of a congenital or infantile 
middle-ear catarrh (Avhich had been OA'^erlooked), so that the 
acquisition of speech is thus rendered impossible, favourable 
* Verh. der deutsch. olol. Gesdlschaft, 1889 
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results are not infrequently obtained by a metbodip application of 
inflations of air. It is always advisable, therefore, in deaf children 
who have a greatly retracted tympanic membrane, or who have 
symptoms of mucous secretion in the middle ear, to try inflations 
of air, and to continue them for several weeks in order to see 
whether one cannot bring about an improvement in the hearing. 
Jacquemart (^. /. 0., vol. xxi.) brought about recovery in a deaf 
and dumb child, in whom both tympanic membranes were cloudy 
and retracted, by inflations of air into the middle^ ear through 
the catheter, which had been continued for some time. Krebs, 
Love, Urban Pritchard, Cassiani, and others have reported marked 
improvement in the hearing in deaf-mutes by the relief of a 
chronic naso-pharyngeal catarrh, and by the removal of adenoid 
vegetations from the naso-pharynx. All treatment remains 
ineffectual in total deafness caused by scarlatinal and diphtheritic 
ulcerative processes in the middle ear and labyrinth, by panotitis, 
and by intracranial diseases. 

Systematic instruction of the deaf and dumb, which is usually 
begun in the first years (fourth to fifth year), is of great import- 
ance from an educational standpoint. Gutzmann and Platan 
recommend sending deaf and dumb children to kindergarten 
before these ages, in order to prepare them for future instructions 
in articulation and power of observation. The instruction, 
which is now highly developed and systematically carried out 
in well-organized institutions for the deaf and dumb, renders 
the_ pupils capable, just like normal individuals, of expressing 
their thoughts by speech and writing, and of acquiring a certain 
amount of mental culture. This is accomplished rather easily'’ by 
careful training, as the majority of deaf and dumb individuals 
are well endowed mentally. 

A Spanisli priest, Pedro Ponce, who lived in the second half of the six- 
teenth century, is said to have been the founder of deaf and dumb instructions. 
In the. eighteenth century the Abb6 de I’Epee, who introduced the language 
of gesture, and Heinicke of Leipzig, who introduced the phonetic system 
(German method),* founded deaf and dumb institutions. The phonetic system, 
which has been principally developed in Germany and Austria, has also been 
adopted by other countries, while the method of signs and gestures is now 
used-only to a liniited extent. The congresses for deaf-mutism which have 
taken place within the last decade have decided that the phonetic system is 
the only correct method of instructing the majority of deaf-mutes. 

^ The speech acquired by deaf - mutes by proper instruction is some- 
clearly articulated that it is understood without the least 
dimculty. In others, however, the speech is indistinct, and it is possible 
only by the greatest attention and by repeated intercourse to comprehend 
wliat the individual is trying to express. Even in those persons whose speech 
IS easily undeistood there is a peculiar unpleasant harshness, because the 
dcaf-imdo possesses no guide by which ho is able to modulate the pitch of his 
voice. Th^ explains why speech usually sounds rough andindistinct in persons 
who are amictcd mth complete deafness, and, on the other hand, more in- 


* Cp. Politzer, Gcschiclite der Ohrenlidlh., vol. i., p 427. 
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telligible and less unnatural in those who possess a slight degree of perception 
for sound, for vowels, or even for speech. 

In addition to the phonetie system of improving the speech, Hamon du 
Fougeray also proposes instruction by singing in those pupils who still show 
a sufficient power of perception for musical tones. 

The so-called HorslummlieU,* * * § idiotic dumbness and psychical deafness, 
must not be mistaken for deaf-mutism. Cases of loss of speech not accom- 
panied by hardness of hearing were already known to the older otologists. 
Wildef is said to have found a large number of such cases among the deaf- 
mutes of Ireland. Several similar observations have recently been reported 
by Kussmaul,f Broadbent, Uehermann, Bcnedikt, Ti'citcl, Waldenburg, 
Gutzmann, Liebmann, and others. R. Coen,§ who observed a large number 
of cases, considers Horslummhcit of a congenital nature. Hammerschlag 
{Zeitsch. f. Ohrenheilk., vol. xlv.) believes that Horslummlieil may also be an 
acquired disease. Hereditary predisposition is regarded as the cause of con- 
genital Horstmnrnheit, while traumatic and ps 3 'chical conditions seem to be 
important factors in the production of the acquired form. According to 
Hammerschlag, it develops in children after an infectious disease (measles, 
scarlet fever, typhoid fever, etc.), and may be traced to encephalitic processes. 

From the large number of cases reported in literature it is found that 
Horstnmmheii does not occur very often. This may be explained by the fact 
that in the majority of cases there is cither no otoscopic condition recorded, 
or a thorough examination of the hearing has not been made, and, further, 
that slight forms of idiocy have not been excluded. Tlie diagnosis of Hor- 
stummJieit is made from the historj^ of the case, and from the excitable dis- 
position, anxious look, sudden anger, occasional mental depression, etc., of the 
patient. From the material which is now at hand, it seems that the true 
form of H6rslummheil\\ is of rare occurrence, and that it is diffieult to separate 
it from idiotic dumbness (Alt, Treitel).^ 

Idiotic dumbness is observed in varying degrees. In the slighter forms 
there is only an impaired development of speech, while in the second stage — 
namely, imbecility — the speech is developed, but the vocabulary is limited and 
reduced to only the simplest phrases used in daily life. In the most advanced 
forms, which ICraus and Kussmaul regard as the most severe stage of idiocy, 
speech is wanting entirely, or it is limited to a stammering of articulated 
sounds. There is no doubt that in the latter form marked changes in the 
speech centre give rise to the dumbness. In the slight forms of idiocy, how- 
ever, the lack of comprehension for speech depends on the degree of deafness, 
and on a more or less feeble condition of the mind. 

Heller, of Vienna, considers psychical deafness as an abnormal psychical 
condition of childhood, which, having the symptoms of deaf-mutism, is often 
mistaken for it, and wliich is essentially a disturbance of the comprehension 
for speech which has reached such a stage that it has become almost entirely 
lost. Children, the subjects of psychical deafness, not being able to compre- 
hend the words which they repeatedly hear, are therefore the more unable to 
bring about an association of ideas. There are periods in which such children 
do not react to any form of soiind Avhich they in reality hear, and present 
the appearance of deaf-mutes. This condition is made Averse if there is 
a co-existing deafness. The case may bo considered one of psychical 

* By this term, Avhich has lately been introduced into German medical 
literature, a condition is meant in which the child appears to be deaf and 
dumb, but in reality possesses the poAA'er of hearing. 

t Practical Observations on Aural Surgery (German translation by Hasel- 
berg, 1855). 

{ Storimgen der Sprache, 1885. 

§ Die HorstmnmJieit (Wien. Klinik, 1888). 

II Liebmann, Ein Fall von reiner Sprachtauhlieit, 1898. 

^ Ueher Hdrstummlieit (Z.f. 0., vol. xxxau.). 
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deafness if tlie person affected uses fragments of words; the diagnosis is 
substantiated by the fact that children having this form of deafness may 
attain their full power of speech by means of their hearing, which is never the 
case with true deaf-mutes. In a number of cases, Heller showed that he 
obtained splendid results by means of pedagogic training methods. 

According to Alt,* the three conditions, Horstummlieit, idiotic dumbness, 
and psychical deafness, are not different processes of disease, but all belong to 
the same category, and only represent a complicated nomenclature expressing 
tlie degree of weakness of mind and the degree of deafness. Wlrether, according 
to the opinions of different authors, this is the correct view, remains to be seen. 

A form of apparent deaf-mutism may be attributed to a check of mental 
development. Individuals who have become hard of hearing during their 
early childhood, and who are not in a position to learn speech on account of their 
surroundings, as, for instance, those living on a lonely farm, are sometimes 
regarded as deaf and dumb ; if, in such cases, no endeavour has been made in 


their early youth to develop their power of forming word-pictures, they grow 
up apparently as deaf-mutes. 

An analogous impairment of development may give rise to an apparent 
deafness in children of deaf and dumb parents, as was observed in a case by 
Alt {Monal.f. OhrenlieilL, 1899). 

The forms of disturbances of speech in children as recorded above are of 
interest to the otologist, because, up to the present time, the majority of 
children with such disorders have, without a thorough examination, been 
placed^ in deaf and dumb asylums, where the true nature of the affection 
was discovered only after some years. Bezoldf found among seventy -nine 
pupils of the Munich Deaf and Dumb Asylum, nine children who learned to 
talk because they possessed sufficient hearing power. Schwendt and Wagner}; 
report six similar cases among forty pupils. . If specialists, after a careful aural 
examination of all applicants, would state whether a pupil should be admitted 
into a deaf and dumb institution, such forms of disturbances of hearing as 
above would be discharged as unsuitable for admission. 

The endeavour to improve the hearing in deaf-mutes by exercises in 
hearing is not a new idea. As far back as at the beginning of the nineteenth 
century (1805) Itard tried to bring about- an improvement in the hearing in 
deaf -.mutes by systematic exercises in hearing, which, however, did not meet 
with much success. In like manner the tests with exercises in hearing which 
were carried out in 1825 by Blanchet, and in 1835 by Dr. Baries in the Deaf and 
Dumb^ Asylum of Berlin, remained fruitless. Since that time we find in the 
otological works of Lincke, Wolf, Toynbee, and others references to exercises 
in hearing in deaf-mutes, which, however, were not considered of much value. 

At the end of the ‘ eighties’ of the last century, Abb6 Verrier, of Bourg 
a 1 einc, published quite a number of exaggerated accounts obtained with 
leanng exercises in deaf-mutes by means of a hearing -trumpet; these exercises, 
lowever, were pronounced useless in France and Germany, and the author 

was a e to convince himself of their fruitlessness in a number of cases treated 
by this method. 


ulso commended the value of these hearing 
tiif' Inoo total deafness. He based his theory upon the fact that 

hearing power in deaf-mutes is due to a morbid condition of the 
pveroicZ *0 inactivity, which may be aroused and stimulated by 

it lias bppn dp not agree with Urbantscliitsch, for 

not onlv an majority of cases of deaf-mutes there is 

the hoarincT ^ auditory nerve, but an impaired development of 

^ — g ‘ PP< a us, or marked changes in the labyrinth (neiv formation of 

t November 28, 1899. 

T Pas Horvermogen der Taubslummen, Wiesbaden, 1896. 

I von Taubshnnmm, Basel, 1899. 

s II icH. Will. Wochcnschr., 1893. 
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bone, ankyloses of the stapes, and degeneration of Corti’s organ and of the 
auditory nerve), 'which exclude all possibility of stimulating the power of 
hearing. It is not possible by exercising the hearing to restore the function 
of a diseased atrophic nerve ; and even in cases in which the labyrinth and 
auditory nerve do not show any or slight changes, the disorganized central 
nuclei of the nerve cannot be aroused b}' hearing exercises. 

Treitel* * * § obtained no satisfactory results with hearing exercises, even in 
those pupils who could still perceive vowels and repeat short sentences without 
any previous practice. An ordinary convci’sation was out of the question, even 
with the best scholars. In the majority of cases the improvement which had 
been acquired with great effort again became lost. According to Treitel, it 
is also seen that, in those cases in which good results are obtained by training, 
there are a number of childi'cn who must bo considered Horshmm , or psychically 
deaf, and who should therefore not be regarded as deaf-mutes. 

Similar negative results as to the value of hearing e.xercises in deaf-mutes 
were obtained by most otologists who thoroughly investigated the subject of 
deaf -mutism. According to Bczold,t it is absolutely impossible to bring about 
an increase in the hearing power by hearing exercises. He never was able to 
observe an increase in the hearing distance, or a strengthened perception for 
sounds which were not previously heard, after hearing exercises with tones. 
The experience of every practitioner shows the impossibility of stimulating 
the auditory nerve apparatus by simple acoustic exercises ; for, if we take into 
consideration the destructive processes in the labyrinth, which have; as a rule, 
run their course, and which are met "with in deaf and dumb pupils, it becomes 
self-evident that these hearing exercises cannot be of any benefit. PassowJ 
found, in deaf-mutes, that the limit of perception for tones had not been 
increased the least by hearing exorcises. Kessel {ibid.) does not consider it 
possible that a person deaf to tones can ever be made to understand speech. 
Uchermann§ also considers the possibility of improving the hearing in deaf- 
mutes by hearing exercises out of the question. Tlie opinions of Heimann 
{ibid.), Schwendt, and H. Gutzmann|| agree with those of Uchormann. 
Gutzmann believes that a permanent marked improvement in the hearing, 
or one of practical value, cannot be obtained in deaf-mutes by exercises 
in hearing. The author himself was not able, in the deaf-mutes treated 
with the hearing exercises, to obtain any degree of comprehension for speech 
in a single case. 

The directors and teachers of the most prominent deaf and dumb institutions 
of Germany have been opposed to the introduction of these exercises in 
hearing.^! 

Bezold** expresses the opinion, based on examinations which he carried 
out in the Deaf and Dumb Asjdum of Munich, that only in those deaf-mutes 
in whom there is a perception for vowels and words should these exercises be 
used for instruction in speech. His examinations with a continuous series of 
tones showed that a hearing power for speech was present only in those 
deaf-mutes in whom it could be demonstrated that the perception for a con- 
siderable portion of the tones (6' to g") Avas at hand. Accoi’ding to Bezold, 
therefore, the test Avith a continuous series of tones is the only positive means 


* Ueber das Wesen iind den Werlh der Honibungen bei Tavhstummen itnd 
liocJigmdig Sclmerhdrigen {Hang’s Idiv. Vorirdge, Book II., vol. xi.). 

t Verliandl. der dentsch. otolog. Ges. in Wurzburg, 1898, and Archiv f. 
Ohrenheilk., vol. xlvii. 

t Ver. der deulscJi, ololog. Ges. in Wurzburg, Jena, 1898. 

§ Cmnples rendns du XII. Congrds internat. dc Medecine d Moscou, 1897 
(W. Roth). 

- II Handb. der Krankenversorgung nnd Krankei^pflegc, vol. i., part ii. 

*f G. Ferreri, La facolla andiliva nei sordomuli, Firenze, 1899. 

** Z.f. 0., 1897; and A. f. O., vol. xlvii. 
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by which it can be determined whether there is still some power of hearing 
left. This method of testing may be considered, therefore, as the only positive 
means by which it is* possible to examine the deaf-mutes which'are to be 
instructed by ear. In accordance with this, the institutions of Munich and 
those of other places put those pupils in whom the tests with a continuous 
range of tones show a power of perception for the tones from F to into a 
special class, which is known as the ‘ Class of Speech Instruction.’ Director 
Koller {A. f. 0., vol. xlvii., p. 196) emphasizes the fact that the power of 
hearing is not improved in the least by this method of instruction', but that 
the aim of all these instructions in speaking is to teach the pupils how to 
associate organically the words of ordinary conversation which they perceive 
by imitating the motions of the lips with those which they have perceived by 
means- of the ear. The instructions in speaking are given, according to 
Koller, to those pupils who prove themselves apt, in such a manner that the 
children are kept first for one year at the customary exercises (instructions in 
articulation) for the deaf and dumb, and are then given instructions in 
speaking. The greatest attention must be paid to reading the lips. The 
main object is not to improve the hearing, but to bring about the power of 
combining thoughts; this is accomplished by the intelligence of the individual, 
and by the instructions in articulation, inasmuch as whole sentences can be 
put together from the order of perception of the vowels and from small frag- 
ments of words. The author fully agrees with the views expressed by Koller 
(Wien. med. Blatter, 1899, No. 10). 

method described above, which was perfected by Bezold and Koller in 
Munich, Avas accepted as the basis for instructing the deaf and dumb by 
«ie majority of directors and teachers of deaf and dumb institutions of 
btcnnany. 

Exercises injioaring for deaf adults were recommended by Philippe as early 
^ 1^840 in a treatise, tlber Geisles- und Gehorgymnastik, als unerldssliche 
JiiTganznng der Kur der Tauhheit,* but Avere not regarded by anyone as of 
practical value. In 1893 they Avere recommended by Maloney, of Washington, f 
wlio used a hearing-trumpet especially constructed for this purpose. This 
nmrtcan otologist shoAved that these exercises Avere entirely useless. According 
o i liilippe and Urbantschitsch.t the important question of methodical hearing 
exorcises in adults consists in^ arousing the organ of hearing from a state of 
c u ness and dormant condition, of concentrating the attention upon the 
1 sound, and of keeping this constantly in a state of activity, so 
m, ^ advisable to alloAv these patients to attend theatres, concerts, etc. 

tliat a permanent improvement in the hearing may be brought 
lio T-n concentrating the attention upon certain noises and tones mnst 
Jfinsory iimsmuch as the concentration of the mind is in itself 
rnni lias also becii practically demonstrated that long- 

iiicrensed attention is injurious to the deaf individual, as giddiness, 

afior n nn, c. diminution in the bearing are often observed 

ancr a conversation of some duration. 

^ adhesive 

• must from the Amrv'l and otosclerosis, the value of these hearing exercises 
ovT illusoiy. If it is assumed, how- 

by reflex iinnulses from slightly aroused by electric irritation or 

uLSo/Xl trigeminus nerve, it must, on the other hand, be 

■ M'v.,.. o,.,y Of a si, OH 

Niitc.^t, Wash'ingtom^Tsfl.T Besidts vpon the Deaf and Deaf- 

t Vcr.^ammhing dcutsrh. Nalnrforscher vnd Aerzte in Wien, 1894. 
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liearing poAver gained by means of these hearing exercises is only of a temporary 
nature. In not a single case in ■which the hearing exercises ■were carried out 
for a considerable time could the author observe a true improvement in the 
hearing. It is the reading of the lips combined -svith the slight perception 
of sound that is of value to the patient; this, however, depends on the 
intelligence of the individual, and on his daily intercourse ■with those about 
him, so that it does not require anj^ special teaching. 

Reading the lips is far more important for the social intercourse of persons 
having a marked degree of deafness. Children who have become totally deaf 
or hard of hearing, rapidly^ and easily acquire a most remarkable skill in this 
way'^; this is, however, not the case in adults. In the latter, learning to read 
speech from the movements of the lips depends partly^ on the ability and power 
of comprehension of the individual, and partly^ on the hearing pow'cr which he 
still possesses. The importance of special instniction in this method, which 
has been especially recommended by Lucae, Treitel, Bencdikt, Gutzmann, and 
others, is shoAvn by the fact that in Berlin and in other cities teachers devote 
themselves entirely to this subject, and that the results obtained in the courses 
attended by a great many are very satisfactory. In the author’s opinion, 
instructions in reading the lips might also be recommended to such persons 
whose deafness has not ymt reached a high degree, and also to those — ^patients 
in whom an otosclerosis is running a progressive course — in ■whom the develop- 
ment of a marked hardness of hearing can be predicted with great probability^ 


Instruments to Aid the Hearing Power 
of the Deaf. 

The instrum'ent.s yvhich are used in a great many forms of 
severe deafness serve the purpose of collecting the waves of 
sound, and of conducting them in a concentrated form to the 
ear, thereby facilitating social intercourse. 

All the various forms of ai^paratus are so constructed that the 
■waves of sound are collected, and conducted to the tympanic 
membrane or directly to the internal ear. 

Dr. L. Kugel found by thorough tests of hearing, that the tick of a watch 
and whispered speech are heard much better, if the sound is directed towards 
the ear (direct hearing) than if the face is turned towards the source of the 
sound; he also found 'that the tick of a watch is perceived at tlirice the 
distance if the surface of the auricle is enlarged by placing the palm of the 
hand behind it.* 

In order to ascertain the degree of hardness of hearing, and to determine 
whether the auditory nerve has completely lost its function or is still capable 
of sound pereeption, several ingenious appliances have been devised under 
the name of the audiometer. This contrivance does not only serve the pimpose 
of apprising us of the total or partial loss of the auditory function, but it also 
affords us a means of telling accurately the degree of improvement in 
hearing obtained during the course of treatment of the aural affection. The 
ideal hearing tests obtained by means of an audiometer affords an accurate 
quantitive measurement of the acuteness of hearing for all tones. The wide 
range of the normal hearing wliich comprises the uppermost tones of the scale 
to the lowest tones with the minimum vibrations can be definitely measured, 

* Cp. Galen, Opera omnia. De nsu parlium, vol. xi., chapter xii.; and 
Politzer, Gescliichte der Ohrenheilk., vol. i., pp. 28 and 42G. 



INSTRUMENTS TO AID THE HEARING 7-17 

so tivat the limitation o( the hearing range in a denf iinlividunl can be delrnttely 
determined by accurate ineasnrcments and coinpared to the norinnl bearing 
ear. There are a number of thc.so andioineter.s in n.s'\ amongst which may be 
mentioned the pitcli range audiometer of Ihineli.* tJie in.sfrnmeiit devised 
by Hayes, t and of more recent date the electrical nndiometer develo])ed by 
the Bell Telephone La boratorie.s.t 

All these appliances have as their object a means of measuring acenrately. 
the acuity and quality of the sound perception. Being of meebanienl con- 
struction, they produce a sustained even pure tone, and at lhe.snme time mnhe 
it possible to' adjust the pitch and inten.sity of the sound. Tn this way we 
always get a tone of even intensity and durat ion. and are t hns able to measure 
the improvement in the hearing, if any, with a degree of certainty. 

The endeavour to improve these instruments hns led to the construction of 
a great number of appliances which vary greatly in form and .size. Tt is un- 
necessary to go into n detailed description of the 
most strange forms of these worthless apjiaralns, 
which are depicted in the ohler works of Lineke. 

Wolf, Lambert, and othcr.s. The trumpet-shaped 
hearing-tube, with it.s wide orifice directed 
forwards, and the parabolic, bell-shaped hearing- 
cup, are the two instniments which were most 
commonly used. These consist of a metal beaker, 
curved in the form of a parabola, from the focus 
of which the sound-waves arc reflected into a 
second sound-collector, which is pushed into the 
beaker and is attached to the car-piece (Fig. 2!)7.) 

Owing to the size and cninbensome construction 
of these instruments, they .arc no longer used 
as patients prefer appliances which are less 
conspicuous. 

An instrument to aid the hearing of a 
deaf individual is indicated when tlic 
disturbance of hearing is so marked that 
the patient is no longer in a position, 
with the simultaneous aid of reading the 
lips, of understanding speech at a very 
close range. In this case the hearing- 
trampet gives relief to the patient, inasmuch as the long-con- 
tinued strained attention without the aid of such an instrument 
gives rise to a feeling of fatigue and tightness in the head. lit order 
to hear speech at a greater distance, a suitable hearing-trumpet 
or audiphone must be adopted. Individuals hard of hearing, 
who can still hear ordinary speech at a distance over m., are 
- advised not to use a hearing-trumpet for close conversation if 
possible, inasmuch as they become accustomed to such an 
appliance, and are finally unable to get along without one. 
The statement that the hearing becomes impaired by the use 
of a^ hearing-trumpet is erroneous. An apparatus to aid the 
hearing is contra-indicated if headache or increased tinnitus arise 
after it has been used for some time. This unfavourable action 

* C. C. Bunch, Laryngoscope, No. 31, p. 760. 

t Harold Hayes, Laryngoscope, 1913. 

J The audiometer, Western Electric Company, New York City. 
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often depends on the form of the instrument, and on the material 
from which it is made; it is therefore advisable to allow the patient 
to try different forms of hearing instruments, and to ascertain in 
each case which is the most suitable. 

For ordinary conversation the most serviceable instrument is 
a tube |-1 m. long, made of a closely-compressed spiral wire, 
the outer surface of ■which is covered with a layer of leather, 
which in turn is enveloped in a cover of closely-spun yarn 
(Fig. 298). 

The olive-shaped ear-piece which is inserted into the external 
meatus of the patient is either straight or bent at an angle. The 
mouth-piece has the form of a beaker, or, more practical still, 
that of an ordinary funnel. Hearing-tubes having a conical form 
— that is, decreasing from the mouth-piece towards the ear-piece 
— are decidedly more effective, and are to be preferred to those 
having an uniform calibre in their entire extent. In using the 
hearing-trumpet, the funnel-shaped extremity is brought close 



to the mouth of the speaker, and it is usually quite sufficient to 
speak in the ordinary voice in order to be understood by the 
patient. Speaking too loudly into the hearing-trumpet is not 
well borne by the patient, owing to a hypersesthesia acustica 
which generally exists, and on account of the feeling of tightness 
in the head which sometimes arises. 

Numerous apparatus of varying designs have been constructed 
to improve the hearing. In addition to the simple conical 
hearing-trumpet mentioned above. Letter’s and Kugel’s instru- 
ments have proved most serviceable for this purpose. 

During the last few years small instruments to aid the hearing 
have been constructed which are connected to the upper end of a 
cane, to a fan, or to an umbrella, in order to render their use less 
noticeable. 

L. Kugel* has constructed a hearing-trumpet which has proved 
serviceable in practice, and which has the advantage of eliminat- 
ing the annoying secondary noises met with in other instruments. 
This instrument is constructed on the principle of the groove- 
shaped auricles of animals (ass, horse, etc.), which, by their 
formation, act as sound-receivers. The hearing- trumpet of Kugel 

* Wien. med. Wochenschr., 1898 and 1899. 
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consists (Fig. 299) of on open groove with a .sound-rocoiyer 
attached to it. Tlio instrument is jmrforated by a largo number 
of holes, whereby the secondary noise.s arc overcome. 

The so-called * otoplioue.s ’ have proved of little value, and 
have been more or loss discarded. Kccently, a micrololephono 
and other electrical hearing devices have been constructed to 
facilitate social intercourse of por.sons hard of hearing. These 
devices, which are manufactured in large numbers and of varied 
designs, are all made on the same fundamental principle— namely, 
to collect the sound-waves and to convoy them to the middle car, 
through which they are transmitted to tlio t.erminal filaments 
of the auditory nerve in the labyrinth. The majority of instru- 
ments which were formally much in vogue arc now being dis- 
carded, and replaced by apparatus less conspicuous and con- 
structed on a telephonic principle. There are quite a number 
on the market, as, for instance, the audiphonc, otoidione, auri- 



phone, the De Forrest, and a number of others, each having its 
good points and of great value in a large number of cases. '1 here 
is no instrument that can be termed the best, as one may give 
satisfactory results in one case and prove very unsatisfactory 
in another. The deaf individual must try several, and select 
that one giving the best results. 

All of these electrical devices consist of a microphone wdiich 
is connected with a number of small dry cells, and carried by the 
patient in such a place that the sound-waves strike the disc 
directly. By means of a wire, these waves are transmitted to 
the ear-piece or telephone receiver, and thus conveyed to the 
middle ear. A movable device on the back of the ear-piece 
allows one to regulate the intensity of the sound. One factor 
which is particularly troublesome to most patients "is the pro- 
duction of overtones or noises; these interfere with the sound 
perception, and often cause headaches, a fullness in the head, 
and a certain degree of tinnitus, so that the individual cannot 
use such a device, in spite of the fact that it improves his hearing. 
^ In addition to these electrically constructed appliances, other 
instruments have been devised, based on the principle of bone 
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conduction. One of these, known as the aucliphone of Ehodes 
(Fig. S02), is made of a flexible hard rubber plate or a varnished 
piece of cardboard. Iho lower part is connected with a handle, 
while the upper part is covered with a small metallic plate which 
is placed against the teeth or cranial bones. When the sound- 
waves strike the rubber plate, they are conveyed by bone con- 
duction to the labyrinth. It goes Avithout saying that this 
appliance is of no value in those cases in which the impairment 
in the hearing is due to an affection of the labyrinth or auditory 
nerve. We do not possess as yet any communications in refer- 
ence to experiments carried out by the Avireless telephone or 
radio on persons hard of hearing. 

On account of the great Amriety of instruments to aid the 
hearing, and their markedly’’ different effect even in the same 
individual, it is advisable, in those cases in Avhich the use of 
one of these instruments is indicated, to try a number of them. 
It has already been mentioned that some patients Avith a high 
degree of deafness hear better AA’ithout a hearing-trumpet — that is, 
by conduction of the Avaves of sound through the cranial bones. 

The number of deaf persons is very small Avho do not object 
to the ungainly and conspicuous appearance of inconvenient and 
noticeably large hearing-trumpets. In spite of the advantage 
gained by the use of larger instruments, they are usually dis- 
carded. 

The ideal of persons hard of hearing lias always been a small instrument 
which could be Avorn unnoticed in the car, and Avhich Avould prove as beneficial 
as the large hearing-trumpets. 

The small hearing-tivimpets Avhich liave been put on the market under 
many different names, of Avhich Abraham’s, consisting of a short silver tube 
Avith a funnel-shaped nozzle, is the best knoAvn, have all proved utterly worth- 
less.* The variously constructed spiral and coiled tubes liaA’o proved just as 
valueless. In all these instruments a physical or physiological principle is 
lacking, upon Avhich the concentration, or increased strength, of the sound 
could be based. 

From a number of experiments in physiological acoustics 
Avhich the author carried out, he devised a small instrument 
Avhich brought about a considerable improvement in the hearing 
in a number of deaf individuals. 

The principle upon Avhich it is constructed is based upon the 
fact that a sound-Avave striking the ear is heard louder if the 
surface of the tragus is enlarged backwards. 

The instrument constructed by the author serves the purpose 
of enlarging the surface of the tragus backwards, in order to 
lessen as much as possible the loss of the sound-AA’aves as they 
are reflected outAvards from the concha — that is, to conduct a 
greater number of Avaves of sound to the external meatus. 

* Cp. ScliAA'abach’s article Hdrrdliren in Eulenburg’s Eeal-Encyldopddie dcr 
medicin . WissenscJiaflen . 
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The small instrunioni (Fig. 300) has a form almost similar to that of a. 
hiinting-liorn, the narrower, inner end of which {a) is inserted into the external 
meatus, while the outer, broader part rests in the auricle in such a manner 
that its orifice (6) is directed backwards towards the concha. Tlic size of this 
instrument varies according to the width of the external meatus and size of the 
auricle — that is, the concha. There arc three 
different sizes, which arc sufficient for all cases. 

The larger instruments are cm. in length; the 
diameter at the larger orifice is 18 mm., at the 
smaller end 5 mm. 

The smaller ones arc about 2 mm., the smallest 
3 mm. less in size, and arc made of hard 
i-ubber. The smaller segment of the tube is 
cut out on its concave side to the extent of about 
^ of its circumference. The instrument is intro- 
duced into the external canal by directing the 
broader orifice upwards, and pushing the narrower 
end into the external meatus, whereupon tho instrument is rotated in such a 
maimer that the larger orifice points backwards towards the concha. 

The improvement in the hearing brought about by the use of this small 
instrument is, on the average, double that of the previous hearing distance. 
In more than half of tho cases this instrument had no influence on tho hearing 
distance. 

In some cases of deafness tlio author uses an instrument to 
improve the hearing which he devised, and which is based on 
the principle that the vibrations of the cartilage of tho auriclo 




are transmitted to the tympanic membrane by means of an 
elastic sound-conductor. 


It eonsiste of a small rubber tube (drainage-tube) 4-6 cm. in 
length and 2 mm m thickness, the inner end of which is cut off 
as shown (Fig. 301, a). This extremity is brought into contact 
with the tympanic membrane (t), while the outer curved extremity 
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(c) lies against the cartilage of the auricle. The action of this 
instrument is further increased by a round rubber plate {g), 
which is fastened near the outer extremity of the sound-conductor. 
The improvement in hearing produced by the use of this instru- 
ment is occasionally four to five times the previous hearing 
distance. It proves most beneficial in middle-ear catarrhs in 
which the tympanic membrane is relaxed, but is utterly worthless 
in cases of rigidity and ankylosis of the ossicles. 

The results Avhich have been obtained with these audiophones 
have by no means fulfilled all that was expected of them. Ee- 
peated trials by Knapp, Lennox Browne, Joly (Lyon), and 



others, have shown that the audiophone produces an improve- 
ment in the hearing in only a feAv deaf individuals, and that its 
beneficial effect is much inferior to that obtained by means of 
the hearing-trumpet or any of the other mechanical devices. 

The author can confirm these statements from his own experi- 
ence. Audiophones prove most effective in hardness of hearing 
following a middle-ear suijpuration which has run its course, 
but are of little value in otosclerosis. The author has, however, 
repeatedly noticed a striking improvement in the hearing in the 
latter affection by the use of the hearing-plate (Burckhardt- 
Merian). In affections of the auditory nerve the improvement 
in hearing by means of any hearing device is generally very slight. 
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pani, 405 
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operative treatment of, after 
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operative treatment of, 318 
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After-treatment of radical mastoid oper- 
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Alcohol in treatment of aural polypi, 
G25 

in treatment of chronic middle-ear 
suppuration, 430 
Alexander’s plastic, 643 
Alterations in taste in chronic middle- 
ear suppurations, 399 
Alt’s experiment, 157 
Amnestic agraphia, 721 
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Amusia, 721 
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Angio-neurotic paralysis of auditory 
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Ankylosis of ossicles, 294, 295 
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of Eustachian tube, 731 
of external meatus, 729 
of internal ear, 731 
of mastoid process, 731 
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brana tympani, 49 
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Anterior wall of osseous meatus, 7 
defects in, 8 

relation of, to maxillary joint, 8 
Anterior wall of tympanic cavity, 23 
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Antiseptic treatment of chronic middle- 
ear suppuration, 428 
Antitragicus muscle, 3 
Antitragus, 2 


Antrum (vide mastoid antrum) 
Aphasia, amnestic, 721 

sensory and motor, 720 
Apoplectic form of deafness, 665 
of Meniere’s disease, 663 
Apparent deaf-mutism, 743 
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cochlea propria, 77 
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vestibulo-cochlearis, 77 
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of Eustachian tube, 43 
of external auditory canal, 9 
of the labyrinth, 77 
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Hartmann’s, 443 
Hassenstein’s, 443 
Toynbee’s, 443 

Artificial perforation of membrana tym- 
pani, 318 
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historical remarks on, 318 
indications for, 319 
methods of operation for producing, 

320 

to prevent closure of, 320 
use of galvano-cautery for produc- 
ing, 320 

Artillerymen and ruptures of membrana 
tympani, 264 
Aspergillus, 206 
Aspergillus niger, 206, 208 
Aspiration of sigmoid sinus, 603 
Astringents used in chronic middle-ear 
suppuration, 431 

Atmospheric i^uences and aural afiec- 
tions, 173 

Atresia of external auditory canal, 237 
forms of, 238 

Atrophy of membrana tympani, 277 
of acoustic nerve, 688 
Attic (vide external attic), 31 
Au diphone of Rhodes, 750 
Auditory canal: 

external (vide external auditory 
canal), 3 . 
internal, 68 _ 

Auditory nerve (vide acoustic nerve) 
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Auditory nerve apparatus: 
aufemia of, C60 
diseases of, 658 
hasmorrhages of, 662 
hyperacuteness of hearing of, 693 
hyperaamia of, 668 
hyperesthesia of, 693 
Meniere’s disease of, 663 
neuroses of, 693 

Aural affections and life insurance, 640 
and organic diseases, 648 
Aural affections and pregnancy, 467, 
649 

Aural affections in aeronauts, 175, 639 
in caisson workers, 176, 638 
in divers, 175, 638 

Aural affections and sea-hathing, 645 
Aural affections and bathing, 183 
Aural specula, 95 
Aural polypi, 612 
Auricle, anatomy of, 2 
anesthesia of, 632 
angiomata of, 611 
angio-neurosis of, 190 
chondro-myxomata of, 626 
connective-tissue new-formations 
of, 611 
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cysts of, 626 
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neuralgia of, 628 
noma of, 229 
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pemphigus gangrenosus of, 229 
perichondritis of, 228, 538, 546 
physiology of, 52 

size and angle of, in regard to 
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spastic contractions of muscles of. 


Auricle, structural anomalies of, 
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syphilis of, 222 
typography of, 49 
tubercular ulcer of, 229 
vessels of, 9 

Auricular appendages, 729 
Auscultation, results of, 120, 121 
Auscultation-sound, 119 
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ear, 120 
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in mastoid process, 122 
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tympani, 122 

in stricture of Eustachian tube, 
120 

when catheter is in Rosen- 
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middle ear, 125 

when there, is secretion in 
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when there is swelling in 
middle ear, 120 

influence of condition of membrana 
tympani on, 120 
Author’s method, 126 
acoumeter, 141 
advantages of, 132, 133, 134 
air-bag emploved in administering, 
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effect of, 129 

for closing mastoid wound, 506 
in acute middle-ear inflammation, 
348 

in acute middle-ear suppuration, 
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in chronic middle-ear suppuration, 
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in secretory middle-ear catarrh, 
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in otitis media of infants and chil- 
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injection of fluids into middle ear 
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modifications of, 129, 130 
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of skin transplantation, 641 
glass cannula for, 541, 542 
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subjective sensations during, 129 
technic of, 126 
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therapeutic value of, 131 
tuning-fork test for permeability of 
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washing out middle ear by, 134 
Autophonia, 178 
Avulsion of aural polypi, 618 
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Bacteria in secretion of otitis media 
acuta, 354 

mode of entrance into middle ear, 
354, 355 

Ba dance’s plastic operation, 541 
Bandage after mastoid operation, 502 
Bathing and aural afiections, 183 
Bezold’s mastoid abscess, 493, 51 G 
Bezold’s mastoiditis, 516 
tuning forks, 143 
Bier’s hyperjemic treatment, 495 
Bing’s tuning-fork test, 160 
Blake’s manometrical cicatrix, 404 
Blake’s method for formation of granu- 
lations in mastoid wound-cavity, 506 
Blake’s polypus snare, 621 
Blennorrheal secretion from middle ear, 
353 

Blood culture in sinus thrombosis, 
600 

Bone transplantation in mastoid wound, 
507 

Bonnafont’s or Cramer’s method of 
catheterization, 111 

Boracic acid in middle-ear suppurations, 
366, 429 

Botey’s mirror, 413 

plastic operation, 538 
Bougie (medicated), 292 
celluloid, 315 
silkworm-gut, 315 
use of, in strictures of the Eusta- 
chian tube, 315 
whale-bone, 315 
Ifanliauer’s bougies, 315 
Bougieing Eustachian tube, 315, 316 
precautions during, 315 
Bourguet’s protector, 565 
Boyer and Gairal’s method of catheteri- i 
zation, 114 

Brain abscess of otitic origin, 581 
exploratory puncture of, 589 
location, size, and number of, 582, 
583 

Brain abscess, operative opening of, 588 
symptoms of, 584 

Brain tumours as cause of disturbances 
of hearing, 722 

Branchial cleft fistulte of external 
meatus, 730 
Brenner’s law, 708 
Bruhl’s plastic operation, 538 
Bulb of jugular vein, thrombosis of, 
606 

methods of opening, 606 
Bulging of walls of meatus, 472, 492 
Burning the meatus, 637 

Caisson workers, aural affections, 176, 
638 

Calcareous deposits on membrana tym- 
pani, 252, 300, 387 

CaUing and occupationin regard to aural 
affection, 174 


Caloric nystagmus, 89, 168 
Canalis centralis modioli, 67 
cochlearis, 73 

spiralis sive ganglionaris, 67 
Cannula of Hartmann, 435 

of Politzer for sJdn transplantation, 
541, 542 

silver and vulcanite, 232 
Caries and necrosis of ossicles, 482 
of temporal bone, 469 

changes in the external meatus 
in, 472 

character of discharge in, 472 
Carotid artery, erosion of, 608 
ligation of, 610 

for subjective noises, 707 
Gartilagino-membranous meatus, 3 
anatomy of, 3, 4 

attachment of, to osseous meatus, 5 
fissures in, 4 
of Santorini, 4 

function of trough-shaped depres- 
sion on posterior wall of, 54 
topography of, 49 

Cartilaginous portion of Eustachian 
tube, 40 
length of, 40 

relation to membranous portion, 
41 

Catarrhal adhesive processes in middle 
ear, 293 

after-treatment of, 312 
condition of membrana tympaniin, 
300 

of mucous membrane in, 294 
division of posterior fold of 
membrane in, 321 
inflations of airier hibam in, 307 
injections of medicated solutions in, 
308 

introduction of vapoiu-s in, 309 
medicinal treatment of, 308 
operative treatment of, 318 
tenotomy of tensor tympani and 
stapedius muscle in, 323, 451 
Catarrhs of middle ear, 272 
chronic, 293 
exudative form of, 273 
of Eustachian tube, 273, 274 
Catheters (Eustachian), 109, 110 
cleansing of, 110 
curvature of, 110 
fixation of, 112 

influence of, on auscultation-sound, 

120, 121 

injection of fluids and vapours 
through, 122 

kind of, employed by author, 
110 . 
those used for catheterization 
through the mouth, 116 
transmission of disease from, 110 
tympanic, 124, 436 
vulcanite, 110 
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Catheterization of Eustachian tube, 107 
Bonnafont’s or Cramer’s method 
of, 111 

Boyer and Gairal’s method of, 114 

choice of catheter in, 109 

discovery of, 107 

fixation of catheter during, 112 

from the mouth, 116 

from opposite nasal passage, 115 

in children, 117 

Itard’s method of, 114 

Kramer method of, 113 

Lowenberg’s method of, 112 

methods of. 111 

mistakes in, 114 

modifications of, in cases of con- 
genital obstacles in naso- 
pharynx, 114 

nasal cavity in reference to, 109 
other methods of, 113 
technic of, 110, 117 
unpleasant incidents during, 118 
value of, as compared to Politzeri- 
zation, 133 

when superior to Politzerization, 
133 

Cauda helicis, 2 
Causes of facial paralysis, 474 
Caustics used in middle-ear suppuration, 
430 

for polypi, 624 

Cauterization of membrana tympani 
with galvano-cautery, 320 
Cavernous angioma of petrous bone, 
892 

Cavum tympani (see tympanic cavity) 
Cells of mastoid process, 44 
boundaries of, 46, 47 
lining of, 46 
nerves of, 48 
vessels of, 48 

Central course of acoustic nerve, 81, 84 
Cerebellar abscess, 686 

operative opening of, 590 
symptoms of, 685 

Cerebral disturbances of hearing, 718 
Cerebro-spinal fluid flowing from the 
ear, 636 

examination of, in lumbar punc- 
ture, 678 

Cerebro-spinal meningitis, 672 
Cerumen in external meatus, 186 
how it may be mistaken, 188 
re-accumulation of, 189 
Ceruminous glands, 8 

hypersecretion of, 186 
Changes in ear in exostosis of meatus, 
235 

Changes in labyrinth in rickets, 684 
in deaf-mutes, 736 

Chimani’s test for simulated deafness. 
162 

Chloroma, 726 

Choice of artificial membrane, 443 


Cholesteatoma: 

formation of, 416 
primary, 417 
secondary, 418 
in external attic, 396 
in external auditory canal, 202 
in Prussak’s space, 421, 437 
in temporal bone, 417 
on membrana tympani, 263 
size and form of, 419, 420 
I Chondromata of external meatus, 627 
' Chondro-myxomata of auricle, 627 
Chorda tympani nerve, 16 

course of, in tympanic cavity, 17 
injuries to, 326, 636 
injury to, during division of pos- 
terior fold of membrana tymjjani, 
322 

results of pathological changes in, 
399 

Chronic catarrh of Eustachian tube, 273 
of middle ear, 293 

Chronic eczema of external ear, 212 
Chronic myringitis, 260 
Chronic purulent inflammation of 
middle ear, 377 
alcoholic treatment of, 430 
antiseptic treatment of, 428 
caustic treatment of, 430 ^ 

character of secretion in, 382 
cholesteatomata in, 416 
condition of membrana tym- 
pani in, 383 

desquamative processes in, 416 
dry treatment of, 432 
intra-tympanic operations in, 
446 

operative treatment of, 445 
pathological changes in, 377 
pathological changes in ex- 
ternal meatus during, 397 
results of pathological changes 
in chorda tympani during, 
399 

treatment of, 426 
suppuration of external attic, 395 
of middle ear with perforation 
of pars flaccida, 392 
Cicatrices of membrana tympani, 402, 
403 

adherent, 405 
Blake’s manometrical, 404 
multiple incision of, 451 
Cicatricial closure of perforation of 
membrana tympani, 402, 452 
Circumscribed retractions of membrana 
tympani, 301 

Cisterna perilymphatica vestibuli (Ret- 
' zius), 70 

Classification of intracranial complica- 
tions of otitic origin, 567 
Claudius’s cells, 75 - 
Clonic spasms of muscles of Eustachian 
tube, 633 
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Closure of membrana tympani by cica- 
tricial tissue, 402 
Cochlea, 66 

acoustic nerve in, 80 
anatomy of, 66, 67 
aqueduct of, 70 
artery of, 77 
canal of, 67, 68, 72 
cupola of, 67 
endolymph of, 73 
exfoliation of, 480 
function of, 89 
hamulus of, 68 
helicotrema of, 68 
membranous structmres and ter- 
minations of auditory nerve in, 
72 

modiolus of, 67 
scalce of, 68, 72 
Cochlear nerve, 72, 80 

terminal filaments of, 72 
Coohlitis (Eoosa), 081 
Colloid degeneration of auditory nerve, 
690 

Colour of membrana tympani, 90 
in catarrhs of middle ear, 274 
in otosclerosis, 332 

Compressed air in treatment of catarrhal 
adhesive processes, 308 
Concha, 2 

physiology of, 62 
Concussion of internal ear, 714 
Condensation of air in external auditorv 
canal, 135, 137 
contra-indications for, 138 
diagnostic and therapeutic purposes 
of, 137 

use of, in combination with rarefac- 
tion, 139 

Condition of membrana tympani in 
acute myringitis, 265 
in acute inflammation of themiddle 
ear, 340 

in chronic myringitis, 260 
in catarrhal adhesive processes of 
the middle ear, 300 
in otosclerosis, 332 
in sero-mucous catarrh, 274, 276 
in tuberculosis of middle ear, 462 
Conduction of sound in external audi- 
tory canal, 34 
through cranial bones, 161 
Condylomata of external ear, 223, 224 
Cone of light of membrana tympani, 99 
Congenital deaf-mutism, 736 
Congenital malformations of ear, 729 
Connective-tissue formation in the 
cavum tympani, 412 
Connective-tissue prolongations in tym- 
panic cavity, 35 

Corti’s coUs, or external hair-cells, 74 
fibres, 74 
membrane, 75 
organ, 72, 74 


' Corti’s rods, 74, 76 
tunnel, 76 

Cortical centre of hearing, 92 
Course of facial canal, 25 
Cranial bones, testing conduction 
through, 161 

Cranio-tympanic conduction, 151 
j Cretinism and aural affections, 685 
Crista ampullaris, 66 
I fenestrse rotund®, 76 

spiralis (Huschka), 73 
I vestibub, 66 

Crist® ampuUarum, 65 
Crossed cerebral deafness, 719 
Croupous inflammation of external 
meatus, 203 
of middle ear, 456 
Crura of stapes, 26 
necrosis of, 484 
Crus helicis, 2 

Crusts in external and middle ear, 423 
on membrana tympani and in tym- 
panic cavity, removal of, 440 
Culture of blood in sinus thrombosis, 600 
Cupola .of tympanic cavity (vide attic) 
of cochlea, 67 

Curvature of membrana tympani, 14, 
99, 276, 301 

Cutaneous syphilis of the external ear, 
222 

Cuticular layer of membrana tympam, 
17, 249 

changes in, 249 
ecchymoses in, 250 
h®morrhages into, 260 
hyper®mia of, 249 
inflammation of, 251 
vascular network of, 19 
Cutis of external meatus, atrophy of, 202 
Cylindromata of auricle, 626 
Cyst-formation in auricle, 626 
in aural polypi, 614 
in mastoid wound, 548 
in mucous membrane of middle ear, 
378 \ 

Deaf-mutism, 733 

acquired and congenital, 734, 735 
Deafness : after the action of severe 
noises, 666, 714 
after meningitis, 671, 673 
apoplectic form of, 666 
for musical tones (amusia), 721 
from drugs, 647 
hysterical, 696 
leuk®mic, 672 
unilateral, 160 

Declination of membrana tympani, 14 
Dehiscence of walls of tympanic cavity, 
21, 25 

of external auditory canal, 8 
Deitera’ cells, 76 
nucleus, 82 

Deleau’s bruit depluie, 120 
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Delstanche’s cotton carriers, 443 

method of massage of the drum, 
135 

ring-loiife, 487 
Dermatitis of auricle, 191 
congelationis, 193 
erysipelatosa, 191 
auriculce, 191 
bullosum, 192 
phlegmonosa, 192 
traumatica, 191 

Desquamative processes in middle ear, 
416 

Destruction of polypi with caustics, 624 
Detachment of auricle for removal of 
foreign bodies, 246 

Development of mastoid process, 43, 44 
Diagnosis of diseases of auditory nerve 
apparatus, 653 

of perforation of membrana tym- 
pani, 390 

of traumatic rupture of membrana 
tympani, 263 

Diagnostic value of testing with high- 
and low-tone tuning-forks, 144 
of Valsalva’s method, 106 
Diameters of osseous meatus, 10 
Diffuse inflammation of external audi- 
tory canal, 199 

Diphtheria of external auditory canal, 
203, 456 

of middle ear {vide scarlatinal- 
diphtheritic suppuration) 
Diphtheritic paralysis of soft palate, 
458 

Diplacusis, 694 

dysharmonica, 694 
echoica, 694 

Diploetic mastoid process, 46 
relation of sinus to, 47 
Direction of external auditory canal, 11 
Discharge in acute purulent inflamma- 
tion of middle ear, 353 - 
in aural afiections, 178 
in chronic purulent inflammation of 
middle ear, 382 

Diseases of acoustic nerve, 686 

of auditory nerve apparatus, 668 
of external ear, 186 
of labyrinth, auditory nerve, and its 
central course, 646 
of mastoid process, 490 
of the mastoid process developing 
in the course of chronic middle- 
ear suppuration, 612 
of membrana tympani, 248 
of middle ear, 248 
of nasal cavity and naso-pharynx, 
with reference to diseases of the 
middle ear, 642 
of skin of external ear, 190 
of sinuses of dura mater secondary 
to otitis, 667, 593 
of sound-conducting .apparatus, 186 


Disinfection of field of mastoid opera- 
tion, 499 

of instruments for mastoid opera- 
tion, 499 

Distance of isthmus of osseous meatus 
from anterior periphery of mem- 
brana tympani, 10 
from posterior periphery of mem- 
brana tympani, 10 

Distance of umbo from promontory, 60 
Distribution of acoustic nerve in cochlea, 
78, 80 

Disturbances of equilibrium (static and 
dynamic), 164 

Disturbances of hearing: after menin- 
gitis, 671 

after removal of secretion from 
middle ear, 291 
duo to brain tumours, 722 
from use of telephone, 716 
in acute inflammation of middle 
ear, 343 

in acute purulent inflammation of 
middle ear, 356 
in attic suppurations, 396 
in c.atarrhal adhesive processes of 
middle ear, 303 
in catarrhs of middle ear, 281 
in chronic middle- ear suppuration, 
399 

in cretinism, 686 
in leuktemia, 677 
in locomotor ataxia, 727 
in middle-ear suppuration, 442 
treatment of, 442 
in myringitis, 258 
in myxeedema, 685 
in otosclerosis, 333 
in syphilis, 681 

in traumatic rupture of membrane, 
266 

of cerebral origin, 718 
Divers and aural affection, 175, 638 
Division of anterior ligament of mal- 
leus, 322 

of posterior fold of membrana tym- 
pani, 321 

Dizziness and aural affections, 177 
Drum membrane [vide membrana tym- 
pani) 

Dry treatment of chronic middle-ear 
suppuration, 432 
Ductus cochlearis, 73 
endolymphaticus, 76 
reunions (Hensen), 68 
Dura mater : diseases of sinuses of, 667 
injuries of, 504 
psammoma of, 626 

Dynamic disturbances of equilibrium, 
' 165 

Ear manometer, 59 
Ecchymoses in labyrinth, 662 

on membrana tympani, 250, 256, 340 
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Eczema of external ear, 210, 646 
acute, 210 

crustosum, 210 
impetiginosum, 210 
solaro, 210 
squamous, 212 
vesiculosum, 210 
chronic, 212 
subacute, 211 

Effect of current of air on vessels of 
membrana tympani, 104 
Effect of an act of swallowing on Eusta- 
chian tube, 58 

Effect of condensation of air in tympanic 
cavity, 60 

Electric treatment of disturbances of 
function of internal ear, 707 
Electric vertigo, 170, 708 
Elephantiasis of auricle, 213 
Eminentia arcuata, 65 
Eminentia pyramidalis, 22 
Emphysema in pharynx, 118, 316 
Empyema of saceulus endolymphaticus, 
568 

Enlargement of small perforations in 
membrana tympani, 445 
Encephaloscope of Whiting, 590 
Enchondromata of external meatus, 626 
Endolymph, 73 
'Entotio subjective noises, 707 
Entotic use of hearing-trumpet, 160 
Epidermic layer of membrana tympani, 
248 

changes in, during inflammation of, 
248 

Epidermization of margins, with persist- 
ence of perforai/ion in membrana 
tympani, 321, 414 
of mastoid wound cavity, 639 
Epidural abscess, 567 
Epithelial new-formations of ear, 627. 
691 

Epithelioma of auricle, 627 
Epitympanic abscess, 568 
Equilibrium, disturbances of, 164 
Erbardt’s test for simulated deafness, 
162 

Erosion of internal carotid artery, 608 
Erysipelas of auricle, 192 
Erysipelas perstans of auricle, 222 
Erythema multiforme of auricle, 190 
Eustachian tube, 38 
arteries of, 43 

auscultation-sound with secretion 
in, 121 
axis of, 38 
bougieing of, 315 
cancer of, 628 
cartilaginous portion of, 40 
catheterization of, 107 

from opposite side, 116 
changes in mucous membrane of, 
in catarrhal adhesive process of 
middle ear, 297 


Eustachian tube, changes in muscles of, 
in catarrhal adhesive processes, 
298 

chronic catarrh of, 273 
clonic spasms of muscles of, 633 
diagnosis of permeability of, by 
Politzcr’s tuning-fork test, 146 
effect of current of air on, 102 
effect of opening of, 60 
importance of permeability of, 60 
influence of lumen of, on ausculta- 
tion-sound, 121 - 
injection of fluids into, 292 
isthmus of, 38 
length of, 38, 40 
lining membrane of, 42 
massage of, 317 
muscles of, 42 
mechanism of opening of, 68 
of the child, 40 
osseous portion of, 39 
pharyngeal orifice of, 107 
physiology of, 58 
strictures of, and treatment of, 312 
structural anomalies of, 731 
syphilis of, 681 

topography of pharyngeal orifice of, 
107 

tympanic orifice of, 21, 39 
veins of, 37 

Examination of external auditory canal 
and tympanic membrane, 93 
of middle ear, 101 
of patient, 172 

the urine in aural affections, 182 
Excision of portions of membrana tym- 
pani, 319 

Exercises of hearing, 743 

opinions of different authors as to 
value of, 744 

Exostoses of external auditory canal, 
233 

Experiments of author showing effect 
of pathological changes in sound-con- 
ducting apparatus, 57 
Exploratory puncture of brain abscess, 
689 

of sigmoid sinus, 603 
Exploratory incision of the sigmoid 
sinus, 603 

Exposure of sigmoid sinus, 604 
External attic, 31, 361 

acute inflammation of, 361 
anatomical division of, 32 
cholesteatoma in, 395 
chronic suppuration of, 395 
injections into, 436 
opening of, 439 
washing out, 436 
External auditory canal, 3 

adenomata of sebaceous glands in, 
626 

anomalies of formation of, 729 
anomalies of secretion in, 186 
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External auditory canal, appearance of, 
after plastic operations, 639 
appearance of, in mastoid abscess, 
492 

atresia of, 237 
atrophy of cutis of, 202 
branchial-cleft fistulre in, 730 ' 

bulging of walls of, 472, 492 
cartUagino - membranous portion ^ 
of, 3 , 

cerumen in, 186, 187 
cholesteatomata in, 202 
condensation of air in, 135, 137, 139 
conduction of sound in, 54 
condylomata and ulcers of, 223 
croupous inflammation of, 203, 466 
desquamative inflammation of, 202 
diSuse inflammation of, 199 
diphtheria of, 203, 204 
eczema of, 210 

enchondromata of, 626 ' 

epithelioma of, 627 
examination of, 93 
exostoses in, 233 

follicular inflammation of, 195 1 

foreign bodies in, 241 ' 

fracture of walls of, 635 
fungi in, 206 1 

furunculosis of, 195 
general division of, 3 
glands of, 8 
haemorrhages into, 228 
herpes zoster of, 217 
hyperaemia of, 190 
hyperostosis of, 233 
inflammations of, 194 
injuries of, 635 
insects in, 247 
itching in, 199, 632 
length, size, and direction of, 10, 11 
lining membrane of, 8 
lymphatics of, 9 
malformations of, 729 
milium in, 626 
nerves of, 9» 
neuralgia of, 629 
new growths in, 612 
osseous portion of, 6 
development of, 6 
otalgia of, 629 
papillomata of, 626 
parasitic inflammation of, 206 
pathological changes in, during 
caries of temporal bone, 472 
during chronic middle-ear sup- 
puration, 397 
phj'siology of, 64, 55 
polypi in, 612 

rarefaction of air in, 135, 139 
relation of, to mastoid cells, 45, 46 
strictures of, 230 
syphilis of, 222 

thorn-shaped chondromata of, 626 
vessels and nerves of, 9 


External auditory canal, width of, in 
reference to conduction of sound 
in, 54 

External ear, 2 

anresthesia of, 633 
cutaneous syphilis of, 222 
dermatitis of, 101 
diseases of, 186 
eczema of, 210, 546 
elephantiasis of, 213 
epithelioma of, 627 
herpes zoster of, 217 
hypertemia of, 190 
hyperajstliesia of, 632 
inflammations of, 191 
osteo-sarcoma of, 626 
sarcomata of, 026 
skin diseases of, 190 
syphilis of, 222 

Extraction of foreign bodies from 
meatus, 243 

Extraction of malleus and incus, 486 
indications for, 486 
local anassthesia in, 487 
operations of, 487, 489 
of stapes, 338, 489 
Extradural abscess, 567 
Exudation in tympanum, 274, 275 
Exudation sacs on membrana tympani, 
342 

Exudative form of middle-ear catarrh, 
273 

Facial canal, 25 
Facial nerve : 

causes of paralysis of, 474 
injuries of, 636 

neuroplastic operations on, 477 
paralysis of, 474 
terminations of paralysis of, 476 
treatment of paralysis of, 482 
Facial paralysis, 474 

after radical mastoid operation, 
531, 546 

electric reaction, 475 
in herpes zoster, 217 
in mastoiditis, 492 
in Meniere’s disease, 666 
in otitis media acuta, 343 
rheumatic, 476 
terminations of, 476 
treatment of, 482 
Facial spur, 627 

Fallopian canal (vide facial canal) 
Fasciae connected with muscles of Eus- 
tachian tube, 42 

Fatal hsemorrhage from middle ear in 
consequence of erosion of carotid 
artery, 608 

Fenestra cochleae, 24, 75 

intratympanie operations on, 450 
ovalis vestibuli, 24 
rotunda {vide fenestra cochlese) 
Fibre cells in cochlea (Retzius), 74 
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Fibrolysin in aural affections, 451 
Fibroma of auricle, Gll 
Fibrous layer of membrana tympani, 18 
Fissures of Santorini, 4 
Fistula auris congenita, 730 
Fistulje of mastoid process, 473 
Fistular symptom of the labyrinth, 568,. 
Fistulous openings in region of ear, 473 
Fixation of Eustachian catheter, 112 
Flaccid cicatrices of membrana tympani, 
461 

multiple incision of, 462 
Fluid line on membrana tympani, 275 
Fluids, technic of injection into middle 
ear, 123 

Folds of membrana tympani, 16 
anterior, 16 
posterior, 16 

division of, 321 

Follicular inflammation of external 
auditory canal, 195 
Foot-plate of stapes, 27 
ankylosis of, 295, 327 
eflfect on, when air is condensed in 
tympanic cavity, 61 
mobility of, 66 i 

Forceps; 

Politzer’s polypus, 623 
Foreign bodies in ear, 241 

attempts at extraction of, 242 
Lowenberg’s agglutinative method 
of removal of, 244 
operative removal of, 244 
reflex phenomena caused by, 241 
Foreign body otitis, 371 
Form of membrana tympani, 13 
F ormation of connective tissue in middle 
ear, 412 

Forms of nystagmus, 88, 89, 167, 169, 
170 

Fossa cochlea, 68 
Fossa rncudis, 22 

Fossula fenestrse vestibuli recess of 
oval window) 

Fractures of handle of malleus, 637 
of walls of meatus, 635 
Frey’s method of injection for polypi, 
619 

Frey’s plastic, 643 
Function of cochlea, 89 

of intratympanic muscles, 62 
of semicircular canals, 87 
of vestibular apparatus, 86 
Fungi of external auditory canal, 206 

Galton’s whistle, 146 

perception of, in aged persons, 145 
Galvanic nystagmus, 89, 170 
Galvanization of ear, 709 
Galvano-cautery for extraction of 
foreign bodies, 246 
for perforating the membrana tym- 
pani, 320 

for removal of aural polypi, 624 


Galvano-cautery points, 624 
Ganglion of vestibule, 79 
Ganglion spirals {vide spiral ganglion) 
Gangrene of auricle, 229 

of meatal flaps after mastoid opera- 
tion, 633 

Gelid’s tuning-fork test, 169 
General diseases in reference to aural 
affections, 173 

Gerhard’s symptom in sinus-throm- 
bosis, 697 

Glandulffi ceruminosse, 8 
Gomperz’s artificial drum membrane, 
443 

Goniometer of Stanislaus v. Stein, 164 
Gout in association with otosclerosis, 
332 

Granular middle-ear suppuration, treat- 
ment of, 433 

Gummata in membrana tympani, 264 
Guye’s aprosexia, 281, 286 


Habenula perforativa, 80 
Haematoma auris, 226 
Hsemorrhages : 

from the ear after trauma, 711 
from the ear, fatal, 608 
into labyrinth, 662 

Haemorrhagic blisters on membrana 
tympani, 266 

Hair-cells of Corti’s organ, 74 
Hallucinations of sound, 703 
Hammer {vide malleus) 

Hamulus of cochlea, 68 
Handle of malleus, 15, 26 
fractures of, 637 
greatest excursions of, 101 
Hartmann’s artificial membrane, 443 
cannula, 435 
polyp forceps, 623 
tenotome, 324 ^ 

Hassenstein’s cotton carrier, 443 
Hasse’s Isolationszellen, 69 
Hearing-plate, 752 
Hearing-trumpet, 748 
of Abraham, 760 
of author, 761 
of Kugel, 746 
Hearing test, 140 
for speech, 147 
Helicis major and minor, 3 
Helicotrema of the cochlea, 68 
Helix, 2 

Helmboltz’stheory of sound analysis, 90 
on function of membrana tympani, 

54 

Hensen’s cells, 76 

ductus reunions, 68 

Hereditary predisposition in regard to 
aural afections, 174 
Herpes zoster of auricle, 217 
facial paralysis with, 217 
neuralgia after, 217 
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Herpes zoster gangrenosus hystericus, 
218 

Heurteloupe’s artificial leech, 347 
Hinsberg’s operation for opening the 
labyrinth, 566 

Histological changes in otitis media sup- 
purativa of children, 3G9 
Horizontal semicircular canal, 65 

injury to, during radical mastoid 
operation, 531 
Horstummheit, 742 

Hydrocephalus as cause of disturhauce 
of hearing, 719 
Hygiene of the ear, 182 
Hyperajmia of external ear, 190 
of labyrinth, 658 
of promontory, 333 
Hyper^mio treatment of Bier, 495 
Hyperaesthesia acustiea, 303 
Hyperresthesia of acoustic apparatus, 

- 693,695 
of external ear, 632 
Hypersesthesia of auditory nerve, 658 
Hypersecretion of ceruminous glands, 
186 _ . 

Hysterical paralysis of acoustic nerve, 
696 ; 

i 

Idiotic dumbness, 742 
Incision of anterior ligament of malleus, 
322 

of connective tissue around incudo- 
stapedial articulation, 450 
Incision of long process of incus, 
448 

of membrana tympani in catarrh, 
287 

of membrana tympani in acute 
middle-ear suppuration, 348 
multiple, of membrana tympani, 
323, 451 

of tendon of stapedius and tensor 
tympani muscles, 323 
of posterior fold of membrana tym- 
pani, 321 

Inoisura intertragica, 2 
Incisura mastoidea, 47 
Incisura tympanica [vide Rivinian seg- 
ment) ° 

Incisuraj cartilaginis meatus auditor! 
extern!, 4 

Incisuraj Santorini, 4 

Inclination of membrana tympani 13 
99 1 . . 

Inoudo-stapedial articulation, 30 
Incus, anatomy of, 26 
ankylosis of, 295 
articulations of, 28, 30 
caries of, 483 
exostosis of, 28 
extraction of, 486, 489 
ligaments of, 31 
Incus spoons of Neumann, 488 


Indications for extraotion of ossicles, 486 
for opening mastoid process, 490 
for operative treatment of adhesive 
processes after cessation of 
middle-car suppuration, 447 
fo'r opening up the labyrinth, 504 
for operative treatment of catarrhal 
adhesive processes, 319 
for radical mastoid operation, 620 
for use of artificial drum membrane, 
443 

Infants and children, otitis media acuta 
in, 308 

Infectious diseases as cause of middle- 
car suppuration, 463 
Inferior tympanic cavity, 12 
Inferior vcall of osseous meatus, 7 
of tympanic cavity, 21 
Inflammation of JSustachian tube, 273 
of external auditory canal, 194 
of external ear, 191 

croupous and diphtheritic, 203 
desquamative, 202 
diffuse, 199 
follicular, 195 
hromorrhagic, 202 
parasitic, 206 
of mastoid process, 490 
of membrana tympani, 254 
of cutioular layer of, 251 
of meninges, 567, 671 
of middle ear, 339 
in infants, 368 
in leukcemia, 467 

Inflammation of the labyrinth, 669 

of periosteum covering mastoid 
process, 611 

Inflations of air into middle ear, 102, 107 
in catarrhal adhesive processes, 307 
Inflations of air in exudative catarrhs, 
285 

effect of, on blood and lymph 
vessels, 104 

on Eustachian tube, 102 
on membrana tympani, 102 
on ossicles and ossicular liga- 
ments, 102 

on pressure in labyrinth, 60, 
103 

on removal of secretion, 103 
on tissue closing labyrinthine 
windows, 103 

when membrana tympani is 
perforated, 104 
by catheterization, 107 
by Politzerization, 126 
by Valsalva’s method, 105 
Influence of aural affections on vision, 
699 

of sympathetic nerve on organ of 
hearing, 696 

of variations of air-pressure in tym- 
panic cavity on labyrinthine con- 
tents, 60 
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Influenza, suppurative middle-ear in- 
flammation in, 464 

Injection of fluids into Eustachian tube, 
292 

into middle ear, 122, 308, 367 
by Politzerization, 134 
in catarrhal adhesive processes, 

308 

solutions recommended for, 308, 

309 

subjective sensations after, 132 
through the catheter, 122 
tympanic catheter for, 123 
when of value, 122 , 

Injuries of auricle, 634 

of external auditory canal, 635 
of dura mater, 504 
of horizontal semicircular canal and 
facial nerve during radical mas- 
toid operation, 531 
of internal ear, 710 
of membrana tympani, 263, 264 
of the sigmoid sinus, 504 
of sound-conducting apparatus, 634 
from medico-legal standpoint, 
639 

of tympanic plexus, 636 
Inner wall of tympanic cavity, 24 
structures on, 24, 25 
Insects in auditory canal, 247 
on membrana tympani, 247 
Instruments for mastoid operation, 499 
to aid the hearing power of the 
deaf, 746 

to improve the hearing, as devised 
by author, 751 

Interlamellar abscesses of membrana 
tympani, 351 

Intermedins nerve of Wrisberg, 79 
Internal auditory artery, 77 
auditory canal, 68 
'Carotid artery, erosion of, 608 
Internal ear, anatomy of, 64 

electrie treatment of disturbances 
in, 707 

galvanization of, 709 
injuries of, 710 
malformations of, 731 
new growths in, 691 
physiology of, 64, 86 
syphilitic diseases of, 679 
Internal jugular vein, ligation of, 605, 
606 

thrombosis of, 596 

Intra-aural operation for extraction of 
ossicles, 338, 487 

Intracranial complications of otitic 
origin, 567 
classification of, 567 
Intracranial diseases of otitic origin, 
549 

Intradural abscess, 571 
Intrameningeal abscess, 571 
Intratympanal otoscopy, 413 


Intratympanic muscles, 32 
function of, 62 

pathological changes of, in catar- 
rhal adhesive processes, 293 
spastic contractions of, 633 
Intratympanic operations after cessa- 
tion of a suppuration of the 
middle ear, 447 

in chronic suppuration of the 
middle ear, 445 
on the fenestra cochleaj, 450 
Introduction of medicated solutions into 
Eustachian tube, 292 
of vapours into middle ear, 126, 309 
by Politzerization, 134 
Irrigation^of middle ear by condensa- 
tion of air in external meatus, 138 
Isolated cavities in the middle ear, 411 
Isthmus ganglionaris (Alexander), 79 
Isthmus of Eustachian tube, 39 
of osseous meatus, 10 

distance from membrana tym- 
pani, 10 

Itard’s method of catheterization, 114 

Jacobson’s nerve, 24, 37 
Jansen’s operation for opening the 
labyrinth, 565 

Jugular fossa, relation to inferior tym- 
panic wall, 21 

Jugular vein, ligation of, 605, 606 
of bulb of, 606 
thrombosis of, 695 
wounding of bulb of, during para- 
centesis, 289 

Keloid cicatrix of auricle, 611 
Korner’s plastic operation, 535 
Kramer’s method of catheterization, 113 
Kretschmann’s Hammer-Ambos Schup- 
penraum, 31 
plastic method, 640 
Kugel’s experiment for diagnosis of per- 
foration of membrana tympani, 
391 

hearing-trumpet, 748 

Labyrinth, anajmia of, 660 

action of drugs on, 647, 648 
anatomical changes of, in syphilis, 
680 

anatomy of membranous portion of, 
68, 69 

of osseous portions, 64 
bloodvessels of, 77 
changes in, in deaf-mutes, 736 
in rickets, 684 
cochlea of, 66 

condition in, after cerebro-spmal 
meningitis, 672 

condition of capsule of, in otoscler- 
osis, 328 

concussion of, 714 

from medico-legal standpoint, 
717 
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Labyrintli, diseases of, 64G_ 

distribution of acoustic norvo in, 

78 

endolymph of, 73 
exfoliation of, 480 
h£emorrliage into, C62 • 
hypersemia of, 658 
inflammation of, primary, 669 
injuries of, 710 

irritation of (nystagmus), 88, 165 
leuktemic affection of, 676 
membranous, 68 
micro-organisms, found in, 640 
necrosis of, 480 

symptoms of, 480 
new growths of, 691 
operations for opening up, 565 
'' Jansen’s method, 665 

- Neumann’s method, 566 
Hinsberg’s method, 666 
Richards’s method, 566 
osseous, 64 
physiology of, 64, 86 
pigment in, 663 

pointing tests in affections of, 171 
protection of, against violent 
shocks, 56 
rickets of, 684 
semicircular canals of, 71 
suppurations of, 550 
syphilis of, 679 
• veins of, 78 
vestibule of, 64 
testing function of, 164 
Labyrinthine suppurations, 550 
differential diagnosis of, 561 
fistular symptoms of, 558 
indications for opening up, 564 
methods for opening, 565 
nystagmus in, 557, 561 
pathological changes in, 551 
places of rupture in, 551 
Labyrinthine suppurations, 550 
symptoms of, 556 
LabjTinthine symptoms, 651 
Lamina spiralis membranacea et ossea, 
68 

Lamina reticularis, 74 
Lancet for paracentesis, 287 

for intratympanic operations, 451 
Larvse in the ear, 247 
Lateral sinus {vide sigmoid sinus) 
Leeches in treatment of otitis media 
acuta, 347 

Length of external auditory canal, 11 
Leptomeningitis circumscripta, 571 
Leptomeningitis diffusa purulenta, 571 
Leuktemic deafness, 676 

middle-ear inflammation, 467 
Levator veli palatini, 42 
Life insurance and aural affections, 640 
Ligaments of ossicles, 30 

action of, on vibration of ossicles, 57 
effect of an inflation of air on, 102 


i Ligation of aural polj'pi, 620 

of common carotid artery, 610 
of external carotid artery for sub- 
jective noises, 707 
of internal jugular vein, 605, 606 
Light-rcilex of mombrana ty^mpani, 98 
Limbus membrnni tympani {vide annu- 
lus cnrtilagineiis) 

Lino on membrane in catarrh of middle 
ear, 275 

Lining membrane of Eustachian tube, 
42 

of external auditory canal, 8 
of tympanic cavity, 34 

mucous membrane folds in, 34 
vessels of, 36 
Lipoma of auricle, 626 
Lobule of car (lobulus auriculro), 2 
Local anffisthesia m extraction of the 
ossicles, 487 

in simple mastoid operation, 499 
in radical mastoid operation, 526 
Local bleeding in otitis media acuta, 347 
Localized suppurative processes in 
middle ear, 411 

Location of brain abscesses, 681 
Locomotor ataxia, disturbance of hear- 
ing in, 727 

Long process of malleus, 27 
caries of, 483 
of incus, 26 

caries of, 483 

Low tuning-forks, use of, in affections of 
auditory nerve, 654 
diagnostic value of, 144 
Lowenberg’s method of catheterization, 
112 

advantages and disadvantages of, 
112 

Lucae’s probe for massage of ossicles, 

- 140 

test for simulated deafness, 162, 163 
Lumbar puncture, 677 

examination of fluid, 577, 678 
Lupoid affections of the middle ear, 465 
Lupus of auricle, 218 
erythematosus, 222 
exulcerans, 218 
hypertrophicus, 219 
I mutilans, 219 

of auricle, pernio, 222 
vulgaris, 218 

Lustre of membrana tympani, 98 
Luxation of ossicles, 484 

of stapes during mastoid operation, 
631 

Lymphatics of auricle and external 
' auditory canal, 9 
of membrana tympani, 20 
of tympanic cavity, 37 

^*^°e™ting or crushing of aural polypi. 

Macula acustica utriculi, 68 
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Maculse cribrosje, 65 
Malformations of organ of hearing, 729 
Malignant new growths of ear, 627, 691 
Malingering {vide simulated hardness of 
hearing) 

Malleo-ineudal articulation, 28 
Malleus, adhesion of, to inner tympanic 
wall, 448 

anatomy of, 15, 26 
ankylosis of, 294, 296 
articulation of, 28 
caries of, 483 

detachment of handle of, 405 
division of anterior ligament of, 322 
extraction of, 486 
fracture of handle of, 637 
indications for extraction of, 486 
ligaments of, 30 
manuhrium of, 26, 99 
short process, 99 
Manometer, 59 

Manubrium (vide handle of malleus) 
Margo-tympanicus, 7 
Massage of drum-membrane and 
ossicles, 139 
Lucae’s probe for, 140 
of Eustachian tube, 317 
Mastoid antrum, 44 

exposure of, during mastoid opera- 
tion, 505 

Mastoid operation under local anses- 
thesia, 499 
radical, 518 
simple, 499 
Mastoid process, 43 

abscess-formation in, 490 
application of bandage after opera- 
tion on, 502 
arteries of, 48 
articulations of, 46 
auscultation of, 122 
bone transplantation in, 507 
caries and necrosis of, 470 
cells of, 45, 46 

changes in, during chronic middle- 
ear suppuration, 513 
description of operation on, 500 
development of, 44 
diploetic, pneumatic and mixed 
forms of, 45 
diseases of, 490 

diseases of, during chronic middle- 
ear suppuration, 512 
fistulas of, 473, 515, 520 
horizontal part of, 46, 47 
hyperostosis of, 513 
indications for opening, 496 
inflammation of, during middle-ear 
suppuration, 490 
instruments for operation on, 499 
methods for opening abscesses in, 
498 

osteomata of, 626 
osteo-sclerosis of, 513 


Mastoid process, percussion of, 494 

primary acute inflammation of, 511 
primary acute periostitis of, 512 
radical operation on, 518 
relation of, to sigmoid sinus, 47 
rupture of abscess in, 515 
sigmoid sinus in, 47 
simple operation, 499 
structural anomalies of, 731 
symptoms of abscess-formation in, 
491 

topography of, 43, 62 
types of, 44 
vertical part of, 46 
Wild’s incision in periostitis of, 
504, 512 

X-ray examination of, 498, 712 
Measles and middle-ear diseases, 459 
Meatus, external {vide external auditory 
canal) 

internal {vide internal auditory 
canal) 

Mechanical action of air-currents in 
diseases of middle ear, 102 
Mechanical removal of secretion from 
middle ear, 286 

Medicaments affecting auditory nerve, 
647 

Medicated bougies, 292 
Medicinal treatment of catarrhal ad- 
hesive processes, 308 
Medico-legal decision in concussion of 
labyrinth, 717 

in traumatic ruptures of membrane, 
268 

Medico-legal jurisprudence in reference 
to injuries of ear, 639 
Membrana fenestraj cochleje (rotunda), 
24 

effect of air-douche on, 103 
effect on, when air is condensed in 
tympanic cavity, 61 
puncture of, 660 

Membrana flaccida Shrapnelli {vide 
Shrapnell’s membrane) 

Membrana tympani, abscesses in, 257 
adhesion of, 302, 305, 405 
anatomy of, 13 
aneurism of, 254 
angioma of, 254 
angle of, 14 
anterior pouch of, 16 
appearance of, in mastoid abscess, 
492 

artificial, 442 

artificial perforation of, 318 
atrophy of, 277 _ ' 

auscultation sound in perforations 
of, 122 
bullas on, 267 

calcification of, 252, 300, 387 
cauterization of, 320 
cholesteatoma in, 253 
cicatrices of, 402, 403 
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Hlembrana tympani, cicatricial closure 
of, 402,- 452 

circumscribed retracted parts of, 

301 

closure of, by formation of cicatrix, 
402 

colour of, 96 

condition of, after inj ection of small 
quantities of fluid into 
middle ear, 123 
during Politzerization, 127 
during Valsalva’s method, 105 
in acute inflammation of attic, 
362 

in acute inflammation of the 
middle ear, 340 
in acute myringitis, 255 
in acute purulent middle-ear 
suppuration, 351 
in catarrh of middle ear, 274 
in catarrhal adhesiveprocesses, 
300 

in chronic myringitis, 260 
in chronic suppuration of 
middle ear, 383 
in normal state, 96 
in otitis media acuta, 340 
in otosclerosis, 332 
in tuberculosis of middle ear, 
462 

cone of light' of, 99 
curvature of, 14, 99, 276 
. cuticular layer of, 17 
changes in, 248 
declination of, 14 
diagnosis of perforation in, 390 
diseases of, 248 

division of posterior fold of, 321 
ecchymoses in, 250, 256, 340 
enlargement of perforation in, 445 
epidermic layer, changes during 
inflammation of, 248 
examination of, 93 
in children, 373. 
excision of, 319 
exudation sacs on, 342 
fluid line on, 275 
folds of, 15 
form of, 13 

greatest mobility of, 100 
granulations on, 251 
gummata on, 254 
hmmorrhagic blisters on, 256 
histological changes in, 248 
hyporffimia and hasmorrhage of, 249 
illumination of, 100 
incision of, in adhesive processes, 
319 

inclination of, 13, 99 
inflammations of, 254 
chronic, 260 
primary acute, 254 
injuries of, 263, 264 
inner surface of, 16 


Membrana tympani, insects on, 247 
keeping open perforations in, 320, 
453 

layers of, 17 
light reflex of, 98 
lustre of, 98 
lymphatics of, 20 

making a second perforation in, 446 
malformations of, 730 
microscopic anatomy of, 17 
mucous membrane layer, changes 
during inflammation of, 253 
multiple incision of, 323 

flaccid cicatrices of, 461 
perforations of, 462 
nsevus of, 254 
nerves of, 20 
normal condition of, 96 
opacities on, 300 
umbilical, 97 
osseous growths in, 262 
papillary excrescences on, 251 
papular syphilitic infiltration of, 
224 

paracentesis of, 287, 288 
pars flaccida and tensa of, 16 
pearl-like protuberances on, 248 
persistence of perforation in, 413 
phosphate of lime crystals in, 262 
physiology of, 54 
pneumo-massage of, 139 
polypi on, 251, 613 
posterior pouch of, 16 
pulsating reflexes on, 351 
quadrants of, 49, 50 
reflexes of, 98 
rings on, 275 
rupture of, 264 

during air-douche, 129 
size of, 13 
strim of, 15 

structural anomalies of, 730 
substantia propria, changes during 
inflammation of, 251 
topography of, 49 
traumatic lesions of, 263 
tubercles in, 254 
umbo of, 14 

use of galvano-cautery on, 320 
varices on, 626 
vascular network of, 19 
vibratory function of, 55 
Membrana tympani secondaria of 
Scarpa, 24, 68, 75 

Membrana vestibularis (Reisneri), 73 
Membranous labyrinth, 68 
saccule and utricle of, 68 
semicircular canals, 71 
Membranous structures and termina- 
tions of acoustic nerve in cochlea, 72 
Meniere’s disease, 663 

apoplectic form of, 663 
symptoms of, 664 
treatment of, 667 
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Meniere’s symptoms, 664 
pseudo-, 653 

Meningitis as cause of disturbance of 
hearing, 671 
cerebro-spinal, 672 
epidemic cerebro-spinal, 672 
lepto, diffusa purulenta, 571 
serosa, 571, 576 

Method of catheterization of the Eus- 
taehian tube, 111 
of examination of external 
auditory canal and mem- 
brana tympani, 93 
of middle ear, 101 
of middle ear through external 
meatus, 135 
of patient, 172 

Method of irrigating middle ear by con- 
densation of air in external mea- 
tus, 138 

of making artiheial perforation of 
the drum, 320 

of opening bulb of jugular vein, 606 
the labyrinth, 565 
temporal lobe abscess, 589 
Methods for closing persistent retro- 
auricular openings, 542 
of hastening epidermization of the 
■wound cavity, 539 
of injecting fluids and introducing 
vapours into middle ear, 122 
of physical examination of organ 
of hearing, 93 

Micro-organisms in labyrinth, 649 
in middle ear, 354 

Microscopic anatomy of membrana tym- 
pani, 17 

Microtelephone to aid the hearing, 749 
Middle ear, 12 

acute inflammation of, 339 
acute purulent inflammation of, 
350 

catarrhs of, 272 

catarrhal adhesive processes in, 293 
cholesteatomata in, 416 
chronic purulent inflammation of, 
377 

operative treatment of, 447 
croupous inflammation of mucous 
membrane of, 456 
desquamative processes in, 416 
diseases of, 248 

effect of current of air on tympanic 
cavity in diseases of, 103 
examination of, 101, 135 
exudative form of catarrh of, 273 
fatal hemorrhage from, 608 
hemorrhages into,‘353 
inflammations of, arising during 
contagious diseases, 453 
injection of fluids into, 123, 134, 
367 

introduction of air into, by Politzer- 
ization, 126 


Middle ear, introduction of air into, per 
catheter, 117 

introduction of vapours into, 125, 
309 

laying bare by radical mastoid 
operation, 518 
lupoid affections of, 465 
mechanical removal of secretion 
from, 286 

muco-purulent inflammations of, 
339 . 

polypi in, 613 

purulent inflammation of, during 
typhoid, 453 

removal of thin fluid exudations 
from, 103 

scarlatinal-diphtheritic suppuration 

of, 456 

suppurative inflammation of, "dur- 
ing influenza, 464 
during measles, 459 
resulting from syphilis, 466 ^ 
•with perforation of Shrapnell’s 
membrane, treatment of, 
436 

treatment of caries of, 481 

of granular suppuration of, 433 
tubercular disease of, 460 
•n’ashing out of, periubam, 124,431, 
481 

Middle-ear spaces : complete opening up 
of, by radical operation, 618, 626 
indications for opening up, 620 
opening up by operative pro- 
cedures, 623 

by Stacke’s method, 532 
operative methods for opening up, 
523 ' 

plastic methods after operation, 
633 

steps of operation for opening up, 
624 ■ , 

Middle tympanic cavity, contents 
Milium in external auditory canal, b2o 
Mirrors for intratympanal otoscopy, 41o 
Mistakes in catheterization, 114 
Modifications of catheterization in con- 
genital deformities of nose, 114 
of author’s method, 129, 130 
Modiolus of cochlea, 67 
Monophasia, 721 . w j 

Moos and Chimani’s test for simulated 
deafness, 162 

Mosetig-Moorhof’s plastic operation, 
543 

Motor neuroses of sound-conducting 

apparatus, 633 _ 

Muco-purulent inflammations of middle 
ear, 339 

Multiple incision of membrana tympani, 
323 

of flaccid cicatrices in, 461 
perforations of the drum, 460 
Mumps and aural disease, 649 
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Muscles of auricle, 3 

of Eustachian tube, 42 
intratympanic, 32 

Mycosis of external auditory canal, 200 
Jlyringitis acuta, 254 
bullosa, 266 
chronica, 260 
chronica sicca, 263 
crouposa, 203 
desquamativa, 262 
granulosa, 262 
sicca, 259 
villosa, 251 

Myringomycosis aspergillina, 206 
Myringotomy (vide. Paracentesis) 
Myxoodema and aural affections, 685 
Myxofibroma of auricle, 611 
Myxomata of auricle, 626 ' 

Nasal affections and aural conditions, 
173 

Naso-pharynx, adenoid vegetations of, 
644 

Necrosis of labyrinth, 480 
of temporal bone, 469 
of ossicles, 482 

Nerves of auricle and external meatus, 9 
of mastoid cells, 48 
of membrana tyinpani, 20 
of tympanic cavity, 37 
Nervo-trediccsimo (Sapolini), 79 
Nervous earache (vide otalgia) 
tinnitus, 702 

Nervus ampullaris inferior, 79 
Neumann’s injection method, 287, 487 
operation for opening the labyrinth , 
566 

Neuralgia after influenza otitis, 346 
of auricle and external meatus, 629 
of tympanic plexus, 629 
Neurofibromatosis multiplex, 725 
Neuroplastic operations on facial nerve, 
477 

Neuroses of acoustic apparatus, 693 
of sound-conducting apparatus, 628 
motor, 633 
otalgia, 628 

Now-formations of sound-conducting 
apparatus, 611 
of auricle, 611 
of brain, 722 
of middle car, 612 
Now-formations of meatus, 612 
rarer forms of, 626 
Now-formations of internal car, 691 
epithelial, 627, 691 

Niche of oval window (vidcTccess of oval 
window) 

of round window (vide recess of 
round window) 

Noma of auricle, 229 
Normal condition of the membrana 
tyinpani, 96 

Nucleus of acoustic nerve, 81 


Nystagmus : causes, 88, 165 

forms of, 88, 89, 167, 169, 170 
in labyrinthine suppurations, 557, 
561 

Obliquus auriculas, 3 
Occupation and aural affections, 174, 
184, 647, 716 

OEdema over the mastoid process, 491 
Opacities on membrana tympani, 300 
Opening up external attic, 439 
mastoid process, 500 

after-treatment, 505 
disturbing incidents during, 
504 ‘ 

operations for extraction of the 
ossicles, 487 

Operative methods for opening up 
middle-ear spaces, 523 
jugular bulb, 606 
for opening of brain abscess, 688 
of cerebellar abscess, 590 
of tempoi’al lobe abscess, 589 
for opening the labyi-inth, 565 
Operative treatment of aural polypi, 618 
avulsion, 618 

macerating or crushing, 622 
removal with instruments, 620 
of catarrhal adhesive processes, 318 
of chronic suppuration of middle 
ear, 445 

of granulations in tympanic cavity, 
434 

of otosclerosis, 337, 338 
of sinus phlebitis, 602 
Organ of Corti, 72, 74 

of hearing, malformations of, 729 
Organic diseases and aural affections, 
649 

Origin and central prolongations of 
acoustic nerve, 84 

Osseous growth in membrana tympani, 
252 

Osseous labju-inth, 64 
Osseous meatus, anatomy of, 5 

cautions to be observed inremo ving 
foreign bodies from, 10 
condition of, in acute purulent 
otitis media, 351 
construction of, 6 
development of, 5 
fistulaj in, 520 
isthmus of, 10 
physiology of, 54 
I topograhpy of, 49 

j Osseous portion of Eustachian tube, 39 
Ossicles, accessory, 28 
anatomy of, 26 
ankylosis of, 294, 295 
articulations of, 28 
caries and necrosis of, 482 
check to over-vibration of, 56 
j effect of air-douche on, 102 

I indications for extraction of, 486 

49 
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Ossicles, ligaments of, 30 
luxation of, 484 

operations for extraction of, 338, 
487 

physiology of, 54 
position of, 51 

relative range of motion of, 57 
softening of, 484 
structural anomalies of, 731 
vibrations of, 55 
Ossiculum lenticulare, 20 
Ossification of auricle, 027 
Osteomata of mastoid process, 020 
Osteomyelitis of mastoid process, 491 
Osteo-sarcoma of external ear, 027 
Osteo-sclerosis of mastoid process, 
513 ■ 

Otalgia, 028 

intermittent form of, 030 
Othfematomata of auricle, 225 
spontaneous form of, 220 ' 

Otitis externa crouposa et diphtheritica, 
203 

diffusa, 199 
diphtheritica, 204 
follicularis and circumscripta. 195 
hsemorrhagica, 202 
parasitica, 200 
Otitis interna, 009 
Otitis media acuta, 339 

appearance of membrana tympani 
in, 340 

bacteria in secretion of, 354 
in children and infants, 308 
mode of entrance of bacteria in, i 
354 

Otitis media acuta suppurativa, 350 
catarrhalis, 272 
catarrhalis chronica, 293 
chronica suppurativa, 377 
serosa, 273 
syphilitica, 400 
tuberculosa, 460 
Otoliths (otoconia), 70 
Otomycosis (Virchow), 200 
Otosclerosis, 271, 320 

condition of membrana tympani in, 
332 

condition of middle ear in, 330 
disturbances of hearing in, 333 
labyrinthine capsule in, 330, 331 
operative treatment of, 337, 338 
paracusis Willisii in, 334 
pathological changes in, 328 
subjective noises in, 333 
tuning-fork tests in, 335 
Otophones, 749 
Otoscopy: 

• difficulties of, 95 
intratympanal, 413 
mirror for, 413 
technic of, 94 

Oval window {vide fenestra ovalis) 
Oxyecoia, 693 


Pachydermia of auricle, 213 
Pachymeningitis circumscripta externa, 
‘ 567 

interna, 571 

Pain and aural affections, 177 
Panotitis, 674 

diphtheritica, 076 
Pause’s plastic operation, 534 
Papillary excrescences on membrana 
I tympani, 251 

on middle-ear mucous membrane, 

I 381 

Papillomata of external meatus, 

t 626 

Paracentesis of membrana tympani, 
287, 288 

in myringitis acuta, 257 
in otitis media acuta, 348 

contra-indications for, 348 
in otitis media acuta suppurativa, 
364 

Paracusis, 694 

localis, 178, 695 
Willisii, 178, 334, 095 
Paralysis of facial nerve, 474 
rheumatic, 476 
terminations of, 476 
treatment of, 482 ' 
of soft palate, 458 

Parasitic inflammation of external 
meatus, 206 _ , 

Paresis and paralysis of acoustic nerve, 
695 

angio-neurotic form of, 095 
h 3 ’sterical form of, 696 
rheumatic form of, 680 
sympathetic form of, 698 
Pars flaccida {vide Shrapnell’s mem- 
brane) 

tensa of membrana tympani {vide 
membrana tympani) 

Passow’s method for closing retro-auri- 
cular openings, 543 
method for epidermization of 
wound cavity, 540 
plastic operation, 537 
Pathological changes in catarrhal adhe- 
sive processes of middle ear, 
293 

in chronic purulent middle-ear 
inflammation, 377 
in- external meatus, in chronic 
middle-ear suppuration, 397 
in labyrinthine suppuration, 651 
in the mastoid, in chronic middle- 
ear suppuration, 513 
in otitis media of infants and 
children, 369 

in otosclerosis, 328 - ' 

PearLlike nodules on membrana tym- 
pani, 248 

Pelvis ovalis, 24, 62 

Pemphigus gangrenosus auricula;, 229 

Percussion of mastoid process, 494 
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Perforation of membrana tympani: 
artificial, 318 

attempts t6 keep open, 320, 453 
closure by cicatricial tissue, 402, 
452 

enlargement of, 445 
epidermization of margins of, 414 
formation of a second, 446 
Perforation of membrana tympani in 
chronic middle-ear suppuration, 
384, 385 

methods to close, 452 
multiple, 384, 385 
. nipple-shaped, 353 
persistence of, 413 
traumatic; 263 

Perforation of ShrapnelPs membrane, 
393, 394 

with attic suppuration, 394, 485 
Perichondritis auriculse, 228, 538 
Perilymphatic space, 70 
Periostitis interna cranii, 567 
Periostitis of mastoid process, 512 
Perisinous abscess, 567, 594 
Petro-sq^uamosus sinus, 593 
Petro-squamous suture, 20 
Pfeilerkopfeinschliisse (Joseph), 74 
Pharyngeal orifice of Eustachian tube, 
107 

Phlebitis of sinuses of dura mater, 595 
operative treatment of, 602 
Phonetic systeih of teaching deaf-mutes. 

Phosphate of lime crystals in membrana 
• tympani, 252 
Physiology of auricle, 53 
of Eustachfan tube, 68 
of external meatus, 54, 55 
of internal ear, 64, 86 
of intratympanic muscles, 62 
of membrana tympani and ossicles, 
54 

of sound-conducting apparatus, 53 
Helmholtz’s theory of, 58 
of sound-perceiving apparatus, 64 
Pigment in labyrinth, 663 

in membrana tympani, 252 
Pitjniasis alba, 209 
Planum scmilunatum (Steifensand), 71 
Plastic methodln radical mastoid opera- 
tion, 533 
of Ballance, 541 
of Botey, 538 
of Briihl, 538 
of Ixorner, 535 
of Kretsehmann, 540 
. of Panse, 534 
of Passow, 537 
of Siobonmann, 537 
of Stacko, 535 

1 lastic methods for closing retro-auri- 
cular wound. 542 
of Alexander, 543 
of Prey, 543 


1 Plastic methods of Mosetig-Moorhof, 542 
I of Passow, 543 
I Plexus tympanicus {vide tympanic 
I plexus) 

1 Plexus venosus caroticus internus, 24 
Pneumatic cabinets, use of, in catarrhal 
adhesive processes, 308 
Pneumatic mastoid process, 45 

relation to sigmoid sinus, 47 
occipital bones, 46 
speculum, 100 
Pneumo-massage, 139 

{vide rarefaction and condensation 
of air in external auditory canal) 
Pointing tests in labyrinthine affections, 
171 

Poisons and aural affections, 175 
Politzer’s acoumeter, 141 

bag for inflations of air, 117 
intra - auricular transplantation 
method, 541 

glass cannula for, 641, 542 
method of air inflations, 126 
modified method of cleaning out 
middle ear, .429 

modification of Toynbee’s artificial 
membrane, 443 
ring-knife, 621 
speculum, 95 
tuning-fork test, 146 
Polilzer’s method of inflation {vide 
author’s method) 

Polyneuritis cerebralis Menieriformis, 
667 

Polypi, aural, 612 
avulsion of, 618 

Blake’s snare for removal of, 621 
destruction of, with caustics, 624 
forceps for removal of, 623 
Prey’s method of injection, 619 
Hartmann’s forceps for removal of, 
623 

maceration or crushing of, 622 
operative treatment of, 618 
removal of, with instruments, 620 
ring-knife for removal of, 621 
Ruttin’s snare, 621 
size and form of, 613 
snares for removal of, 619 
structure of, 614 
treatment of, with alcohol, 625 
with galvano-cautery, 623 
Wilde’s snare for removal of, 619 
Polypi of external auditory canal, 612 
of middle ear, 613 

I of membrana tympani, 251, 613 
• Position of ossicles, 51 
, Posterior inferior quadrant of mem- 
' brana tympani, 50 
superior quadrant of membrana 
tympani, 50 

Posterior tympanic pouch, 16 
wall of osseous meatus, 8 
wall of tympanic cavity, 21 
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Pregnancy and aural affections, 467, 649 
Pressions centripetes {vide Gclle’s test) 
Primary acute inflammation of mastoid 
cells, 511 

acute periostitis of mastoid process, 
512 

Processus anterior (Polli), 27 
brevis, 15, 27 
cochleariformis, 26 
Meckeli, 31 
styloidea, 22 

Prognosis of radical mastoid operation, 
546 

in respect to hearing funetion, 548 
in respect to recovery, 546 
Prominentia canalis semicircularis later- 
alis, 25 

Promontory, 24 

condition of, in otosclerosis, 332 
Propagation of sound to labyrinth, 54, 

55 

Protector, Stacke’s, 626 
Protuberantia styloidea, 22 
Pruritus of external meatus, 199, 632 
Prussak’s descending fibres, 18 
Prussak’s space, 15, 31 
abscess in, 362 
cholesteatoma in, 421, 437 
localized suppurations in, 394 
removal of cholesteatomata from, 
437 

Psammoma of dura mater, 626 
Pseudo-Menifere’s symptoms, 653 
Psychical deafness, 742 
Pulsating light-reflexes on membrana 
tympani, 351 

Puncture of membrane of round 
window, 660 

Purulent middle - ear inflammation, | 
aeute, 350 

arising in course of infectious 
diseases, 463 
of influenza, 454 
of measles, 459 
of syphilis, 466 
of scarlatinal-diphtheria, 456 
of tuberculosis, 460 
of typhoid fever, 453 
chronic, 377 
Pyramis vestibuli, 64 

Qualitative test for hearing, 147 
table of tests for, 148 
Quincke’s lumbar puncture, 577 
Quinine, action on auditory nerve, 647 
use of, in Meniere’s disease, 667 

Radical mastoid operation, 518 
after-treatment, 543 
complete opening up of the middle- 
ear spaces by, 525 
indications for, 520 
local anajsthesia during, 625 


Radical mastoid operation, plastic 
operations after, 633 
prognosis of, 646 * 
steps in, 624 

unfavourable symptoms during 
after-treatment of, 503, 546 
Railway employes and deafness, 716 
Ramus cochlearis, 84 
vestibularis, 84 

Rarefacteur of Delstanche, 137 
Rarefaction of air in external auditory 
canal, 136 

diagnostic and therapeutic pur- 
poses, 136 

Rarefaction and condensation of air in 
external .auditory canal, 135, 139 
contra-indications for, 138 
in otosclerosis, 337 
Recess of oval window, 24 
of round window, 24 
Recessus epitympanicus, 31 
sacculi, 64 
utriculi, 64 

Reddish lustre of membrane in oto- 
sclerosis, 332 

Reisner’s membrana vestibularis, 73 
Relation of sigmoid sinus to mastoid 
process, 47, 498 
Restiform body, 81 

Retro-auricular openings, methods for 
closing, 542 

operation of Alexander, 543 
of They, 543 

of Mosetig-Moorhof, 542 
of Passow, 543 
Retzius’ fibre-cells, 70 
Rheumatic paralj'sis of acoustic nerve, 
686 

of facial nerve, 476 
Rhode’s audiophone, 750 
Richards’ operation for opening the 
labyrinth, 566 

Rickets and labyrinthine affections, 684 
Ring-knife for removal of polypi, 621 
for tenotomy of tensor tympani 
(Delstanche), 487 
Rinne’s test, 157 

diagnostic value of, 168 
how performed, 159 
in diseases of auditory nerve ap- 
paratus, 654 

' Rivinian segment, 6, 13 
I Roentgen examin.ation, 498, 712 
I Roentgen rays in fractures of the inter- 
nal e.ar, 712 

Roof of mastoid process {vide tegmen 
mastoideum) 

Roof of tymp.anic cavity {vide tegmen 
tympani) 

Rosenmuller’s fossa, 108 
Rosenthal’s canal, 80 
Rotatory nystagmus, 88, 167 
Round window {vide fenestra cochleae) 
Rupture of mastoid abscess, 515 
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Rupture of membrana tympani; | 

from air-douche, 129 
from medico-legal standpoint, 268 
from fractures of cranial bones, 
264 

from hanging, 270 
from sudden condensation and rare- 
faction of air in meatus, 264 
sequelfe of, 267 
shape of, 266 

Rutlin’s polypus snare, 621 
Saccule, 68 

Sacculus hemiellipticus, 68 
sphairicus s. rotundus, 68 
Salpingo-pharyngeal fascia, 42 
Santorini, fissures of, 4 
• Sarcoma of external ear, 626 
Scala tympani and vestibuli, 68, 72 
Scaphoid fossa, 2 

Scarlatinal-diphtheritic suppuration of 
middle ear, 456 
Scarpa’s membrane, 24, 75 
Schwbach’s tuning-fork test, 163 
Schwartze’s operation, 532 
Sea-bathing and aural affections, 645 
Secretion, anomalies of, in external mea- 
tus, 186 
Secretion: 

in acute middle-ear inflammation, 
339 

in acute purulent middle-ear in- 
flammation, 353 

in chronic middle-ear suppuration, 
382 

in exudative middle-ear catarrh, 
274 

mechanical removal of, 286 
Second perforation in merabrana tym- 
pani, formation of, 446 
Scmicanal for tensor tympani muscle, 25 
Semicircular canals, 05 
aiupullse of, 66 
function of, 87 
membranous, 71 
physiology of, 87 
Sensory aphasia, 720 
Sequestra of temporal bone, 479 
Serous meningitis, 571, 576 
Sexual organs and aural affections, 467, 
649 

Short process of incus, 28 - 
of malleus, 27, 99 

Shrapnell’s membrane, anatomy, 13, 15, 
32 

bulging of, 362 
perforation of, 392, 394 
SicLcnmann’s plastic operation, 537 
method for epidermization of the 
uoimd cavity, 510 
Sicgle’s pneumatic speculum, 100 

use of, in chronic middle-ear sup- 
puration, 392 
value of, 101 


Sigmoid sinus: 

aspiration of, 603 
anatomy of, 47 
diseases of, 593 
exploratory incision of, 603 
exposure of, 504 
operative treatment of, 602 
phlebitis of, 595 

relation to mastoid processes, 47, 
498 

thrombosis of, 595, 596 ' 

Signal deafness in railway employes, 
716 

Simple mastoid operation, 499 
local ansestbesia in, 499 
Simple tones, testing acuteness of bear- 
ing for, 140 

Simulated deafness, 161 
Sinus meatus externi, 7 
petro-squamosus, 593 
tyrapanicus, 24 
Sinus thrombosis, 593, 594 
blood culture in, GOO 
Snares : 

Blake’s, 621 
Euttin’s, 621 
Wilde’s, 619 

Softening of ossicles, 484 
Sonderinann’s suction treatment, 496 
Sound : 

conduction through air, 140 
through cranial bones, 151 
propagation of, to labyrinth, 55 
Sound-conducting apparatus: 
anatomy of, 2 
diseases of, 186 
division of, 1 
injuries of, 634 

from a medico-legal stand- 
point, 639 
neuroses of, 628 
new formations in, 611 
physiology of, 53 
rare growths in, 626 
topography of, 49 
Sound-perceiving apparatus : 

anatomy and physiology of, 64 
diseases of, 658 
division of, 1 

Spastic contractions of auricular 
muscles. 633 

of intratympanic muscles, 633 
Specula, aural, 95 
Siegle’s, 100 

Speech, test for hearing, 147 
Spina supra meatum {vide supra-meatal 
spine) 

Spinal puncture (vide lumbar punc- 
ture) 

Spiral ganglion, 80 

Spoons for removal of granulations in 
middle ear, 434 
Spur, facial, 527 
Sqnamo-mastoid suture, 44 
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Stacke’s method for opening middle ear, 
532 

method of epidermization of the 
wound cavity, 640 
plastic operation, 635 
protector, 526 

Stanislaus v. Stein’s experiments for 
disturbances of equilibrium, 164 
goniometer, 164 

Stapedius muscle, anatomy of, 33 
function of, 62 
tenotomy of, 326, 451 
Stapes, anatomy of, 26 

anomalies of development of, 27 
ankylosis of, 294, 327 
articulation of, 30 
caries of, 483 

condition of, in otosclerosis, 32S 
extraction of, 338, 489 
luxation of, during mastoid opera- 
tion, 531 

synechotomy of crura of, 450 
with one crus, 27 

Static disturbance of equilibrium, 164 
Stenger’s test, 163 
Stria vascularis, 74 
Striae of membrana tympani, 15 
Strioe acusticse, 81 
profundal, 84 

Strictures of external meatus, 230 
of Eustachian tube, 312 
causes and seat of, 312 
treatment of, 312 
use of bougies in, 315 
Structural anomalies of auricle, 729 
of Eustachian tube, 731 
of external meatus, 730 
of internal ear, 731 
of mastoid process, 731 
of ossicles, 731 
of tympanic cavity, 731 
of tympanic membrane, 730 
Styloid process, 23 

Subacute inflammation of middle ear. 
343 

Subdural abscess, 571 
Subjective noises and aural affections, 
176 

Subjective noises, 700 
entotic, 707 
objective, 707 
of nervous origin, 702 
in acute otitis media. 343 
in adhesive processes, 302 
in chronic otitis media suppurativa, 
399 

in diseases of internal ear, 700 
in exudative middle-ear catarrh. 
280 

in otosclerosis, 333 
treatment of, 704 
vascular, 707 

Subjective sensations of hearing {vide 
subjective noises) 


Submucous emphysema of pharjmx, 
118, 316 

Substantia propria of membrana tym- 
pani, changes in, during inflam- 
mation of, 251 
tubercles in, 254 

Suction treatment of Sondermann, 496 
Sulcus mallcolaris, 278 
Sulcus promontorii, 24 
spiralis externus, 74 
internus, 73 
tyrapanicus, 13 
Superior olivary body, 83 
tympanic cavity, 12 
-wall of osseous meatus, 7 
wall of tympanic cavity, 20 
Suppurative middle-ear inflammation 
{vide purulent middle-car inflamma- 
tion) 

Suppuration and gangrene of mcatal 
flaps after mastoid operation, 538 
Supra-meatal spine, 46 

as landmark in mastoid operation, 
500 

Suture, petro-squamous, 7, 20 
squamo-mastoid, 44 
Sympathetic nerve, influence on organ 
of hearing, 696 

Sympathetic paralysis of acoustic nerve, 
699 

Synechotome, 322 

Synechotomy of crura of stapes, 460 

Syphilis of auricle, 223 

of Eustachian tube, 681 

of external ear, 223 

of internal ear, 679 , 

1 of membrana tympani, 254 

1 of middle ear with suppuration, 466 

I in otosclerosis, 332 

I 

Tabes dorsalis {vide locomotor ataxia, 
etc.) 

Taste, alterations of, in chronic middle- 
ear suppuration, 399 
in division of posterior fold of mem 
I brane, 322 

Technic of bone transplantation in 
mastoid wound, 507 
Technic of catheterization, 110 
of Politzerization; 126 
Technic of injecting large quantities of 
fluid into middle ear, 124 
of injecting small quantities of fluid 
into middle ear, 123 
of introducing air into middle ear, 
117 

of otoscopy, 94 
Tegmen mastoideum, 47 
I tympani, 7 

i Telephone as cause of deafness, 716 
Temporal bone, actinomycosis of, 622 
anatomy of, 3 
caries and necrosis of, 469 
sequestra of, 479 
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Temporal lobe abscess: 

operative opening of, 589 
symptoms of, 585 

Tendinous ring (vide annulus tympani- 
cus) 

Tenotome of Hartmann, 324 
Tenotomy of tensor tympani and stape- 
dius muscle, 323, 451 
of stapedius muscle, 326 
Tension of sound-conducting apparatus, j 
effect of pathological conditions in, 60 1 
Tensor tympani muscle, 32 
contractions of, 63 
^ function of, 62 
semicanal of, 25 
spastic contractions of, 326, 
633 

tenotomy of, 323, 451 
veli palatini muscle, 42 
action of, 42 

Testing acuteness of hearing for simple 
tones, 140 

for acoumeter and watch, 140 
Testing air and bone conduction com- 
bined, 157 

Testing duration of perception through | 
cranial bones, 151 I 

Testing function of vestibular apparatus i 

Testing hearing for speech, 147 ! 

Testing perception for high and low ' 
tones conducted through air, 142, 
143, 144 

Testing perception for musical tones 
conducted through air, 142 
for tuning-fork by conduction 
through air, 143 
from median line of skull, 
155 

through Eustachian tube, 146 
for waves of sound conducted 
through cranial bone, 151 
with tuning-fork, 153 
with watch and acoumeter, 151 
Testing power of perception for sound 
transmitted through air to membrana 
^ tympani, 140 

Tests for ascertaining qualitative differ- 
ence in perception of two ears, 143 
Tests for determining whether speech is 
heard through cranial bones, 150 
Tests for hearing, 140 

unilateral deafness, 160 
for simulated hardness of hearing 
and deafness, 161 

Thiosinamin in aural affections, 310, 451 
Thrombosis of bulb of jugular vein, 
606 ^ 
of internal jugular vein, 596, 597 
of sigmoid sinus, 593, 594 
iiuuitus (ride subjective noises) 
lone defects, 655 

Topographical relations of acoustic 
nerve, 81 


I Topography of pharyngeal orifice of 
Eustachian tube, 107 
of sound-conducting apparatus, 49 
Toynbee’s artificial membrane, 443, 
444 

author’s modification of, 443 
Toynbee’s experiment, 58, 107 
Tractus spiralis foraminulentus, 68 
Tragicus, 3 
Tragus, 2 

physiology of, 53 
Transference, 697 

Transmission of sound from membrana 
tympani to labyrinth, 55 
Transplantation of skin grafts, 541 
Transplantation method of the author, 
541 

Traumatic lesions of membrana tym- 
pani, 263 

Tschudi’s tests for simulated deafness, 
163 

Tubercle bacilli in middle-ear secretion, 
464 

Tubercular disease of middle ear, 460 
Tuberculosis of auricle, 229 
Tumours (vide new-formations) 
Tuning-forks as a means of testing hear- 
ing, 143 
Tuning-forks : 

as a test for simple tones, 142 
Bezold’s, 143 

diagnostic value of low-toned, 145 
for testing perception by air-con- 
duction, 143 

for testing perception through 
cranial bones, 153 
their use in diseases of auditory 
nerve apparatus, 664 
their use in Meniere’s disease, 665 
used for Rinne’s test, 157 
used for testing perception of high 
and low tones, 144-145 
used in Weber’s test, 165 
Tunnel of Corti’s organ, 74 
Tympanic branch of glosso-pharyngeal 
nerve, 37 

Tympanic catheter, 124, 436 
Tympanic cavity, 12 

acuteinflammatiou of external attic 
of, 361 

anatomy of, 12 
anomalies of formation of, 731 
anterior wall of, 23 
arteries of, 36 
attic of, 31 
diseases of, 270 
exudative catarrh of, 273 
fluid in, 274, 275 
folds of mucous membrane in, 34 
formation of connective tissue in, 
412 

inferior wall of, 21 
influence of variations of pressure 
in, on labyrinthine contents, CO 
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Tympanic cavity, inner vail of, 24 

localized suppiircative processes in, 
411 

muscles in, 32, 33 
nerves of, 36 
posterior wall of, 21 
subdivisions of, 12 
superior wall of, 20 
veins of, 37 

vessels and nerves of, 37 {vide 
middle ear) 

Tympanic membrane {vide membrana 
tympani), 13 

Tympanic orifice of Eustachian tube, 24, 
39 

Tympanic plexus, 25, 37 
injuries of, 636 
neuralgia of, 629 

Typhoid middle-ear suppuration, 453 

Umbilical opacity of membrana tym- 
pani, 97 
Umbo, 14 

Unilateral deafness, 160 
Urbantschitsch’s exercises of hearing, 
743 

Urine and aural affections, 1S2 
Utricle, 68 

Valsalva’s method, 58, 105 
Vapours, 125 

introduction of, in catarrhal ad- 
hesive processes, 309 
Variations in air-pressure and aural 
afiections, 175, 638 
Vas spirale membranse basilaris, 77 
Vascular subjective noises, 707 
Veins of auricle and external meatus, 9 
of cuticular layer of membrana 
tympani, 19 
of Eustachian tube, 37 
of labyrinth, 78 
of mastoid cells, 48 
of tympanic cavity, 37 


Vena aqureductus cochlece, 78 
vestibuli, 78 

Vena jugularis {vide jugular vein) 
Vertigo ab aurc liesa, 651 
Vertigo, electric, 708 
Vestibule, 64 

aqueducts of, 76 
ganglion of, 79 
physiology of, 86 

Vestibular apparatus, function of, 86 
164 

testing function of, 164 
Vestibular nerve, 78, 85 
distribution of, 86 

Washing out middle carper Ivbam, 122, 
367, 431 

I Watch, testing perception of, through 
air-conduction, 140 
testing perception of, through 
cranial bones, 151 
Weber’s tost, 155 

diagnostic value of, 156 
Whispered speech, testing with, 164 
Whiting’s enccphaloscopc, 590 

expression experiment in sinus 
thrombosis, 603 
Wilde’s incision, 504, 512 
snare, 619 
speculum, 95 

Wolf’s tests for hearing, 147 
Word-deafness, 720 

X-ray examination of the mastoid 
process, 498, 712 

I Yankauer’s bougies, 315 

I Yellow spot on membrana tympani 
97 

Zona arcuata, 72 
ganglionaris, 83 
pectinata, 72 
perforata, 72 
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